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ABSTRACT

Architectural and Engineering firms are selected for
government projects via a technical competition method with
a fair and reasonable fee determined through negotiatioms.
The criteria for what is fair and reasonable is the govern-
ment estimate. There is a limited guidance available on the
preparation of estimates for A&E contracts. Additionally,
there is limited use of empirical information due to the
lack of an organized database. This research defined the
cost estimation method as a decision process and supported
that process with numerous analytical computations, statis-
tical techniques, and regression cost models derived from a
database comprised of previous A&E contract awards. This
approach was effective in that estimates were generated

which more closely represented negotiated fees.




— T

TABLE OF CONTENTS

I. INTRODUCTION . . . & «¢ ¢ ¢ o o o o o o o o s o s = 8
A. GENERAL . ¢ ¢ ¢ o ¢« & o o o o o o « o o s o = 8
B. PROBLEM STATEMENT . . . . +. + & « « o & « .« « 10
C. GENERAL HYPOTHESIS . . . . . . . . .« « « « « . 12
D. OBJECTIVES OF THE RESEARCH . . . . . . . . . . 15
E. METHODOLOGY . . ¢ ¢ & ¢ + o « « = o« « o« « o« « 16
F. THESIS ORGANIZATION . . . . . . . « . « « « « 17
G. SUMMARY OF RESULTS . . . . . ¢« « « « « « » o « 18
II. BACKGROUND . ¢ ¢ ¢« ¢ ¢ ¢ & o o o o« o o o « o « o« « 19
A. ARCHITECT & ENGINEER CONTRACTS . . . . . . . . 19

B. OPPOSITION TO PUBLIC LAW 92-582 . . . . . . . 37

C. COST ESTIMATION OF ARCHITECT & ENGINEER
CONTRACTS . + =« & o o o o o o o o o o o « « o« 52

IITI. METHODOLOGY . .« .+ + ©« o ¢ 2 o « « o o o« o o o « o 65

A. DEVELOPING THE DATABASE . . . . . . « « « . . 65
B. DESCRIPTION OF THE DATABASE . . . . . . . . . 170
C. ANALYTICAL COMPUTATIONS . . . . . . . . . . . 14
D. COST MODEL FORMULATION . . . . . . . . . . . . 81
Iv. COST ESTIMATION MODELS . . . . . . « « +« ¢« « « . . 83
A, SECTION A . . . ¢ ¢ ¢ & ¢ ¢ ¢« &+ o o« o« o « « o B3
B. SECTILN B . . ¢ & ¢ v v v o o o o o o o« « « . 90
C. SECTION C . . . v ¢ ¢ & o o o s o o o o o &« o« 95
D

LABOR RATES . . ¢ ¢ ¢ 4 ¢ 4 4 4 o o« o o o o+ . 96




E. OPEN-ENDED CONTRACTS . . . . +« « + « « « « « o 97

F. REGRESSION COST MODELS . . . . « « « + « « « .+ 99
v. APPLICATION OF THE DECISION PROCESS . . . . . . . 103
A. GENERAL . + ©« « ¢ « « o « o o« o« o o« « « « « o 103
B. DETAILED ANALYSIS PROCEDURES . . . . . . . . . 106
C. DECISION SUPPORT TEST CASES . . . . . . . . . 110
D. SUMMARY OF TEST CASES . . . . . « « + . . . . 114 ;
, VI. SUMMARY AND CONCLUSIONS . . . . . . « « « . . . . 115 i
| A. SUMMARY . « « « + & o o 4 4 o e v v v v« v . 115
i‘ ' B. CONCLUSIONS + ¢ v « « v o« o o o « « « o« « . . 116
C. FUTUINE RESEARCH . . . . . . « « « o « « « . . 116
APPENDIX A  THE ENGINEERING FIELD DIVISIONS OF NAVFAC . 118 |
APPENDIX B A&E FEE ITEMIZATION . . . . . . . . . . . . 119
APPENDIX C LISTING OF “OTHER SPECIAL COST" ITEMS . . . 121
APPENDIX D DATABASE COMPUTER PRINT-OUT . . . . . . . . 122
f APPENDIX E  MATRIX OF DESCRIPTIVE FACTORS AND
ANALYTICAL COMPUTATIONS . . . . . . . . . . 123
APPENDIX F  ENGIL.ERING NEWS RECORD, BUILDING COST
INDEX . . . . . . . « « ¢ « « « « « « & . . 125
APPENDIX G SECTION =-A- FINDINGS . . . . . . . . . . . 126
APPENDIX H SECTION =-B- FINDINGS . . . . . « . « . . . 137
APPENDIX I  SECTION =C- FINDINGS . . . « « « . . . . . 141
APPENDIX J LABOR RATES . . . . + + &« + v « o« « « « . . 142
APPENDIX K COST ESTIMATION WORKSHEETS . . . . . . . . 145
APPENDIX L TEST CASE RESULTS . . . . . « « « « . . . . 162
LIST OF REFERENCES . . © &+ & « ¢ ¢ & o o = « « « « « . .17
6

L. ) m - - - VP Y - ————— e
i _ we L_‘. _,,[ ' \"! < . N

o et o,




INITIAL DISTRIBUTION LIST . . « . & . . . . . . R




I. INTRODUCTION

A. GENERAL

The design of facilities for the Naval Shore Establish-
ment is a significant function of the Civil Engineer Corps,
the Naval Facilities Engineering Command, and the six
Engineering Field Divisions. Design and design services
result in the development of plans and specifications for a
construction project. Plans and specifications are needed
for all construction contracts including new construction,
repair and alteration projects, and equipment installations.
Quality in a set of plans and specifications is the product
of professional engineering ability, innovative design capa-
bility, and knowledge of the state-of-the-art in construc-
tion techniques and materials. Additionally, plans and
specifications must be complete, accurate, and explicit as
they represent a major part of the legal documents for a
construction contract.

Design services are obtained through two sources:
(1) in-house government employee engineers and architects
and (2) by contracting for these services with Architect &
Engineer (A&E) firms. A&E contracting provides about 90%
of the design work for the Navy. As such, A&E contracting

is a major function throughout the Naval Facilities




Engineering Command and its subordinate Engineering Field
Divisions (EFD}.

A&E firms are selected by a procedure referred to as the
"traditional selection method." This method provides for
the selection of an A&E firm on criteria such as: demon-
strated professional ability, capability to perform the
work, and previous awards of government contracts. After
the firm is selected, the fee is negotiated. The negotia-
tion of A&E contracts and the traditional method of selec-
tion is provided for by P.L. 92-582, the Brook's Bill.

There has been much controversy over the Brook's Bill
during the past ten years, however there have been no changes
to that law. The major point of the opposition is that fee
should be introduced in the selection process to encourage
competition. Proponents argue the tachnical competition
provided by the traditional method generates the factor of
competition amongst A&E firms and promotes quality in design
services. The Navy and Department of Defense support the
contracting practices currently incorporated in the Brook's
Bill.

A requirement of the Brook's Bill is that agency heads
will negotiate a "fair and reasonable fee" for A&E compensa-
tion. The criteria for determining what is fair and rea-
sonable is the government estimate. Accordingly, the
development of an accurate government estimate is a signifi-

cant event in the A&E contracting process.
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B. PROBLEM STATEMENT

1. Developing the Government Estimate

Rear Admiral Iselin, former Commander, Naval Fa-
cilities Engineering Command [Ref. 1], in defense of the
Brooks Act selection process, is quoted as follows:

In contracting for A&E services, we are not buying a pre-
determined product; we are buying professional skill,
creative talent, and a level of effort in the engineering
and architectural fields.

A procurement of professional skill, creative talent
and a level of effort are rather abstract commodities and
difficult to quantify. The government Engineer-in-Charge
(EIC) is faced with this problem when developing an estimate
for an A&E contract. The EIC must transform the perceived
scope of the construction project into the requirements for
design of that project. This ability or skill is developed
by experience and there is limited definitive guidance on

the subject.

2. Evaluation of the A&E Proposal

Additionally, the problem surfaces when the nego-
tiation board is evaluating the A&E's fee proposal. 1If
there is a wide range between the government éstimate and
the A&E's proposal, who is correct? The negotiation process
can resolve differences or misunderstanding on the scope of
the construction project, but differences of opinion for re-

quired design services can be difficult to resolve, such as

determining appropriate quantities of design work. For

10




example, "How many hours does it, really take to design a
barracks?" Obviously the answer is dependent on many
variables, and a range of answers could be considered
acceptable. Comparing the A&E's proposal to the govern-
ment estimate will aid in defining thé limits of that range,
but there is a lack of organized empirical information
available to assist in resolving the differences.

3. An Acquisition Database

A potential source of information available to the
EIC for developing estimates and evaluating proposals is the
existing A&E contract files. Comparisons to similar A&E
contracts may be beneficial in determining the number of
drawings, labor hour requirements, cost of studies, etc.
These contract files represent the "corporate memory" and
reflect organizational behavior for functions such as A&E
contract negotiations. However, A&E contract files are not
organized into a database that allows information retrieval.
This limits the benefits of the corporate memory to the in-
dividual EIC when researching the files for a particular
type of construction project design. Even with EFD computer
capability available, there is an underutilization of the
resource in A&E fee estimation. [Ref. 2]

This lack of organized acguisition databases is a
common characteristic of federal procurement agencies. The
problems caused by this situation were discussed by Blandin

and Bruno [Ref. 3] as a result of their research project in
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cost model formulation. They concluded the article, "there
is a definite need to improve the data collection and reten-
tion process in a fashion that will render analytically

responsive results."

C. GENERAL HYPOTHESIS

1. Decision Process

It is the premise of this thesis research that the
development of an estimate for an A&E contract can be con-
sidered a decision process. The decision process approach
will define the inferences between the descriptive factors
of the project and the requirements for design services.
Additionally, the decision process approach will establish
relationships between the various components of the fee
itemization.

As discussed in Chapter 2, EICs use a combination

of the detailed breakdown and cartoconing methods for esti-

mating. The decision process of these methods is presented
in flow chart form in Figures 1 and 2.

2. Decision Support

With the decision process in flow charted form, the
next step will be to support the process with an A&E con-
tract database. Using the A&E contract files, the develop-

ment of a well-structured, comprehensive, and consistent

database will provide the empirical foundation for decision

support. Information can be retrieved from the database or i
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THE FLOW-CHARTED DECISION PROCESS FOR DESIGN S3ERVICES
-SZCTION aA-
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THE FLOW-CHARTZD DECISION PROCESS FOR ENGINEZRING SEZRVICES
AND CONSTRUCTION CONTRACT SUPPORT SERVICES (CCSS)
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analytically derived to support each step of the decision
process.

In addition to decision support, the development of
the contract database will serve to support cost model for-
mulation. The formulation of a cost model will focus on the
general behavior of A&E cost from an objective and statis-

tical perspective. The use of cost models for A&E fee

estimation is limited due to the requirement to develop
estimates in detail. However, cost models may be construc-
tively used in the initial planning and/or budgeting stages

of a design program or in determining a scoping estimate.

D. OBJECTIVES OF THE RESEARCH
Analysis of the cost estimation for A&E contracts with

emphasis on the decision process and decision support

approach accompanied by a well-structured database should
achieve the following objectives:
.1. Provide the government negotiator with strong empiri-
cal evidence and information as to the propriety of
the A&E firm's fee proposal.

2. Serve as a pricing model for the EICs within an or-
ganization to develop consistent estimates.

3. Keep A&E contract pricing information up-to-date.

4, Develop cost trends for A&E contracts that can be
compared to economic indicators to project cost on
future A&E contracts.

5. Serve as guidelines to the newly hired or inexperi-
enced government engineer in developing the ability to
transform construction project scope into the required
level of effort for design services.

15
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6. Define the relationship between the various compo-
nents of the fee itemization (number of drawings,
hours per drawing, total man-hours, engineering sup-
port cost, ect.)_for different scopes and types of
construction projects.

E. METHODOLOGY

The research was conducted in four phases. The first
phase involved constructing the necessary database. The
data was collected from the Contracts Division of Western
Division, Naval Facilities Engineering Command, San Bruno,
California and included 300 A&E contracts negotiated over a
thirty month pericd.

The second phase included performing numerous analytical
computations to support the decision processes of A&E cost
estimation. For each computation, a sample size, average,
and standard deviation was computed. The computations were
first performed on the complete database, then on different
groupings of contracts. The groupings were based on eight
factors which define and describe the A&E contract and the
related construction project. Statistical techniques such
as confidence intervals, multiple contrasts, and difference
of means were used to determine the significance of the
descriptive factors on A&E contract cost.

Cost model formulation was the objective of the third

phase. Multiple linear regression was used to develop a

prediction model for total A&E fee compensation, as well as

| I . _
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significant sub-totals of the contract including total pro-
fessional design hours and number of drawings.

The fourth phase of the research was to test the valid-
ity of the decision process approach. The test was con-
ducted by applying the decision support system to several
test cases. Each test case was an A&E contract negotiated
after the time period covered by the database. The test
involved developing the estimate from the project descrip-
tion, then comparing the estimate to the government estimate

and then to the negotiated contract.

F. THESIS ORGANIZATION

Chapter II provides a background discussion of the Naval
Facilities Engineering Command's Design Program and of the
selection, negotiation, and award process for A&E contracts.
Additionally, an overview of the debate and controversy
concerning the Brook's Bill is presented as well as the
Department of Defense and Navy position on the issue. The
chapter is concluded with a discussion of construction de-
sign estimating methods, the requirements and limitations
placed on the government estimate, and the components of an
A&E fee itemization.

Chapter III describes the methodology of the thesis re-~
search. Specifically, the development and description of

the database, the analytical computations and statistical

17

. [ =S VORISR PO ot e e g e
L_—-—;‘A S LU W o i




WS Arw [ memperemir e vy e

techniques performed, and the formulation of cost models are

explained in significant detail.

Chapter IV presents the findings of these computations,
techniques, and models in support of the decision process
and decision support approach to A&E contract estimation.

Chapter 5 demonstrates an application of the decision
; process approach. Additionally, the results of three test
cases are presented to show the effectiveness of the deci-
sion support methodology.

Chapter 6 concludes the thesis with a summary of the
background discussion, objectives of the research, and
results. Additionally, recommendations for future research

are provided.

G. SUMMARY OF RESULTS

The decision process and decision support approach to

A&E contract cost estimation was effective. The objectives

of this approach were achieved in that estimates which more
accurately predicted the negotiated contract cost were de-
rived. Additionally, a greater level of confidence in the
accuracy of the estimate is achieved by having the support

of a database of empirical information.

)
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II. BACKGROUND

A. ARCHITECT & ENGINEER CONTRACTS

1. Naval Pacilities Engineering Command Design Program

Among the many responsibilities of the Naval Facili-
ties Engineering Command (NAVFACENGCOM) are those of de-
signing and constructing Navy and Marine Corps facilities
at the worldwide shore installations. The spectrum in-
cludes operational, training, production, storage, medical,
administrative, and troop facilities; family housing; and
utilities.

The total annual design and construction cost for

the Navy Military Construction Program reached $752 million

in 1979. NAVFACENGCOM also manages $50 - $190 million in
Air Porce and Defense Agency construction projects annually.
Design and construction are administered through six Engi-
neering Field Divisions (EFD) which divide the U.S. and the
overseas locations into regional areas. (The six EFDs are

listed in Appendix A.)

Two principal objectives dictate the design manage-
ment process--first, that sound and reliable cost estimates
are presented in the annual construction request to the
Congress; and secondly, that award of construction contracts ;
for quality engineered facilities are promptly enacted once i

authorizations and appropriations are enacted.

19
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Planning and design funds are budgeted at a little

less than six percent of the estimated cost of the planned
construction program, with the bulk of the design effort
being done by architect/engineer (A&E) firms under contract.
(Ref. 4]

In addition to the design and planning of the Mili-
tary Construction Program (MILCON), the bulk of design work
for maintenance, repair and alteration construction pro-
jects funded through the Operationy #axd Maintenance, Navy
(O&M, N) appropriation is accecmpii»~cd under contract with
A&E firms. These A&E contracts u4s - -warded at the EFD and
local activity level.

Approxinately 90% of all design work for the Navy
is done by A&E firms. The scupe of the design effort is
quantified as follows [Refs. 5 and 6]:

Fiscal Obligated for Total Value of No. of A&E Firms
Year MILCON Design* All A&E Contracts with Contracts

76 $46,899,000 $ 67,500,000 947

77 59,195,000 72,500,000 1069

78 61,297,000 100,200,000 1378

79 53,941,000 91,600,000 1418

80 61,123,000 92,200,000 1355
2. Purpose

A&E contracts can be awarded for many different

purposes related to the design and construction of a pro-

ject. The scope of an A&E contract can involve any or all

of the following items of work:

*Figure includes both A&E contracts and in-house design
effort.

20




e s e

Saf B A SRR S o

TTe—— et T L DY

10.
11.

" Investigations to determine feasibility of proposed

projects.

Other preliminary investigations and studies, with
accompanying analyses, cost estimates, and reports.

Collection of design data such as topographic surveys,
characteristics of subsurface materials, traffic
census, origin and destination studies, manufacturing
processes and related information.

Investigation of existing conditions where alterations
are involved.

Preparation of construction contract plans, specifi-
cations and final cost estimates.

Assist with interpretation of plans and specifications
during construction.

Check shop drawings submitted by the construction
contractor.

Resident engineering service during construction.
Inspection of completed construction, supervision of
performance tests, and related items to determine con-~
formance with plans and specifications.

Preparation of "as-built" drawings for record.

Consultation and other related technical and profes-
sional services. [Ref, 7]

Contracts with A&E firms normally provide two options

or phases, which are awarded sequentially. The initial

award is for the conceptual work of identifying feasible

technical alternatives and then developing the initial de-

sign for the most advantageous, cost-effective choice. This

effort is referred to as the "35 percent design." When the

A&E completes this stage of design and has submitted it for

review and approval, a second option for the final design is

made.

The design effort can be stopped at the 35 percent
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stage if necessary, which does not happen often. However,
in those instances when a project must be deferred or the
requirement for it no longer exists, limited design funds
can be saved by termination at the 35 percent stage. This
procedure also affords the opportunity to engage another A&E
when the 35 percent design is considered unsatisfactory.

[Ref. 8]

3. Authority

ASE contracts are awarded through a negotiated oro-
curement process. In general terms, this authority is pro-
vided by 10 U.S.C. 2304.(a), subparagrarhs (4) and (17) as

follows:

Purchases of and contracts for property or services cov-
ered by this chapter shall be made by formal advertising
in all cases in which the use of such method is feasible
and practicable under the existing conditions and circum-
stances. If use of such method is not feasible and prac-
ticable, the head of an agency, subject to the requirements
for determinations and findings in section 2310, may nego-
tiate such a purchase or contract if . . . (4) the purchase
or contract is for personal or professional services; .
(17) negotiation of the purchase or contract is otherwise
authorized by law.

In the case of procurements for A&E services, sub-
paragraph (17) of 10 U.S$.C. 2304.(a) applies as 10 U.S.C.
7212 provides for the employment of outside architects and
engineers as follows:

Whenever the Secretary of the Navy believes that the
existing facilities of the Department of the Navy are
inadequate and he considers it advantageous to National
defense, he may employ, by contract or otherwise, without
advertising and without reference to sections 305, 3324,
5101-5115, 5331-5338, 5341, 5342 and 7154 of title 5,
architectural or engineering corperations, or firms, or




individual architects or engineers, to produce designs,
plans, drawings, and specifications for the accomplishment
of any Naval public works or utilities project or for the
construction of any vessel or aircraft, or part thereof.

More specific authority concerning negotiated pro-
curements for A&E services is cited in 40 U.S.C. 542 and
Public Law 92-582 as follows:

The Congress hereby declares it to be the policy of the
Federal Government to publicly announce all requirements
for architectural and engineering services, and to nego-
tiate contracts for architectural and engineering services
on the basis of demonstrated competence and qualification
for the type of professional services required at fair and
reasonable prices.

4. The Negotiated Architect and Engineer Contract Process

Construction projects inevitably begin with the in-
ception of an idea. After authority has been received to
award a contract for the construction, repair, and/or main-
tenance of a facility and the funds have been appropriated,
the original idea is expanded into a construction design.

There are essentially two methods of obtaining a
design: the first is to use government personnel consisting
of engineers and architects who are Civil Service employees;
and the second is to contract with an A&E firm.

The determination of whether or not to use an A&E
firm requires an investigation of a number of factors. Among
those considered are the availability of in-house capability
to meet the time requirements, and the type of project to be
designed. Two important gquestions asked are: 1Is the pro-

posed project located close in-house design capability, or
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some distance away? Does the design division already have a
balance of large and small jobs? If they do, the design di-
vision may want to consider to design by A&E contract.
Another consideration may be the government's inability to
contract within the fee limitations discussed later in this
chapter. Once it is decided to contract for A&E services,
an established NAVFACENGCOM procedure [Ref. 9] is followed
for negotiating and awarding the contract.

Technical competition is a method employed to select
a contractor where the qualifications of the contractor are
of greater importance than the ultimate price of the contract
or where the nature of the services to be procured make price
competition impracticable. Technical competition is the
method used for the award of A&E contracts, pursuant to Pub-
lic Law 92-582, The A&E contracting procedure consists of
four steps: (1) synopsis, (2) preselection, (3) selection,
and (4) negotiation and award.

a. Synopsis

In accordance with Public Law 92-582, all A&E

selections which are expected to result in a fee in excess

of $10,000 must be synopsized in the Commerce Business Dailv.

A&E selections of lesser amount are to be publicized through
appropriate notices at the contracting office and other
places where they will give reasonable notice to A&E's in
the area of the project. Each such syncopsis or other pub-

licizing must set forth the significant specific evaluation
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factors to be applied in making the selection decision. The
following items are examples of A&E selection evaluation
criteria:
1. Specialized experience of the firm in the type of work
required with a listing of specific skills required

for the project;

2. Professional capacity of the firm to accomplish the
contemplated work within the required time limits;

3. Professional qualifications of staff to be assigned to
the project;

4. Innovative design capability:

5. Adequacy and qualification of subcontractors and
consultants;

6. Past experience, if any, of the firm with respect to
performance on Department of Defense contracts;

7. Cost control effectiveness;

8. Present workload;

9. Location of the firm in the general geographical area
of the project, provided that there is an appropriate
number of gqualified firms therein for consideration;

10. Volume of work previously awarded to the firm by the
Department of Defense.

At least 14 days must be allowed after publica-

tion of a synopsis in the Commerce Business Daily to permit

firms wishing to be considered for selection te indicate that
fact and file any necessary forms. The foliowing wording
must be utilized to conclude each synopsis issued by the EFD,

or subordinate Officer in Charge of Construction (OICC):

A&E firms which meet the requirements described in this
- announcement are invited to submit completed Standard Forms
B 254 (unless already on file) and 253, U.S. Government

i
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Architect-Engineer Qualifications, to the office shown
below. Firms responding to this announcement by

will be considered, and firms having a current SF 254 on
file with this office can also be considered. See Note
62. This is not a request for a proposal.

The Defense Acquisition Regulations (DAR) pro-
vides that a Standard Form 254 shall be kept on file and
updated periodically in contracting offices by A-E firms
which wish to be considered for selections by that office.
The Standard Form 254 is a general resume of the firm's
experience. Requiring the filing of additional information
for retention with a permanent resume, Standard Form 254,
is not authorized. A firm which does not have a Standard
Form 254 on file but wishes to be considered for a particu-
lar procurement may file that form along with the Standard
Form 255 and/or other indication of interest.

The Standard Form 255 is a statement by a firm
of its qualifications for a particular project for which
selection is about to be made. The synopsis or other pub-
licizing may require the submittal of a Standard Form 255
if the estimated fee of the A&E contract is under $25,000,
but the synopsis must require the submittal of a Standard
Form 255 by interested firms if the estimated fee is in
excess of that amount.

b. Preselection
A slate (or panel) of qualified firmg shall be

compiled by a slate committee of at least three members

(officer or civilian). The members shall be selected on the
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basis of experience. Slate committees and selection boards
are separate and distinct phases of operation. 'n order to
achieve maximum objectivity in selecting A&E's, no person
may serve on both the slate committee and the selection
board for a project. The slate committee shall be provided
with the proposed scope of work, government cost estimate,

SF-254's and 255's, and responses to Commerce Business Daily

announcements. The slate is not to be prepared from personal
records of individual committee members. The slate committee
shall also consider any experience data that is on file with
the EFD, supporting data and information that may be ob-
tained from other EFD's, the Corps of Engineers, NAVFACENG-
COM, and other Government agencies, and information that may
be requested from and submitted by prospective contractors.
Much information will be provided on Standard Forms 254 and
255, giving specific information concerning the location of
the £irm, personnel of the firm, specialized experience,
professional capabilities and capacity to undertake the

work.

The slate committee shall evaluate each firm in
light of the criteria set forth in the synopsis. Substan-
tial efforts must be made to bring in new A&E firms (those
who have never been awarded an A&E contract or have not
recently been awarded an A&E contract) into the selection
process. Each slate committee must assure that new firms

are given every opportunity to participate on a fair and
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equitable basis in the A&E program. It is firm DOD and
NAVFACENGCCM policy that A&E contract selections shall be
spread among all qualified firms including small and mi-
nority firms.

The slate committee shall submit a written re-
port to the QOICC. It shall state that the recommendations
contained therein are based on an examination of contrac-
tor's brochures, performance records, and indicate the cri-
teria used. The slate committee's report to the 0ICC shall
list not only the names of firms recommended for final con-
sideration but also, for information, the names of all other
firms considered by the committee. The slate committee
shall recommend at least four to six firms, and in the case
of major projects of national interest, eight to ten names
for general consideration and interview, So far as practi-
cable, the firms to be considered shall be selected from the
area where the work is located. On larger or specialized
jobs beyond the capacity of local firms, they may be selec-
ted from voluntary joint ventures which generally include a
firm from the area where the work is located. There are
very few areas in the U.S. today where the A&E profession is
not capably represented. Although primary consideration
should be given to experience and satisfactory performance,
effort shall be made to spread the work and to give con-

sideration to new firms. Firms having awards of $100,000 or
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more in the current or preceding calendar year normally will

"be excluded if other gqualified firms are available.
An CICC may approve the slate as submitted, or,
: ‘ if not satisfied with the report of the slate committee, may
return the slate to that committee or to a new slate commit-
1 tee with instructions for restudy and preparation of a new
2 slate. An OICC may not add firms to slates or delete firms
! from slates. The convening of a new slate committee may be
i necessary when substantial time has elapsed, Government
personnel have departed, or other good and sufficient rea-
sons exist.
! c. Selection

The approved slate shall be forwarded to the

Selection Board, together with all of the brochures, per-
formance records, and other data available for the firms on
that slate. The Board shall interview the recommended firms
with regard to establishing their technical qualifications,
experience, organization, capacity, current workload, imme-
diate availability, key individuals who will be placed on
the work, and other relevant factors. In the event there is
a possibility of follow-on work, interviews and selection
bases should include the candidate firms' qualifications fecr
the entirety of the work. There shall be no discussion, at

the time of the interview, of the price to be paid for ser-

vices. However, the general magnitude of the proposed

contract may be indicated for the purpose of avoiding
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misunderstandings. The Selection Board may not add firms
to, or delete firms from, the slate.

If the Government estimate for the contract is
less than $10,000, the selection may be made on the basis of
prior interviews or the data on file, subject to telephone
verification of the firm's interest, current work load,
availability of qualified personnel and other relevant fac-
tors. Selection solely on the basis of Standard Form 254's
and 255's is hazardous, in that a firm's circumstances may
have changed since they were preparad.

If the Government estimate exceeds $10,000 or if
the project is of more than routine difficulty, the selec~-
tion shall be based on oral or written discussions with the
recommended firms. Discussions shall be directed to the
specific project under consideration and may be conducted by
telephone (as hereinafter set forth) when considered appro-
priate. However, A&E contracts expected to exceed $50,000
in fees should be awarded on the basis of personal inter-
views by a Board of at least three members, each of whom
shall attend the interviews. Telephone interviews are not
o be used when A&E contracts are expected to exceed $50,000,
except in urgent situations approved in advance by the EFD
Commander.

As soon as possible after the interviews, the
Board shall, in private session, discuss the gualifications

of the firms interviewed. The Board members shall, by
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secret written ballot, select the firm they consider best
qualified to perform the particular project at the particu-
lar time required. The Board should also select a second
and third firm in order of preference. The ballot shall not
be signed and no attempt shall be made to ascertain how in-
dividual members voted. It is within the discretion of the
Board to decide, before a ballot is taken, that a two-thirds
or a three-fourths vote (or a simple majority) shall be re-
quired for selection. No representatives of the contractors
or other private interests shall be permitted in the room
during the Board's discussion of the qualifications of the
firms that have been interviewed, and persons who are not
members of the Board shall not be permitted in the room
during balloting.

A Board Report, in the form of a written recom-
mendation to the OICC, shall include an explanation of the
reasoning on which the Board recommends the particular firm
but shall not indicate how individual members of the Board
voted. The QICC shall specify, in writing, his approval or
disapproval. Wwhen an QICC approves and forwards to the Board
for final consideration the slate of contractors, it must be
considered that every firm on the slate is basically gquali-
fied to perform the work in question.

The contractor who is selected shall be advised
by letter that the OICC wishes to receive a price proposal

for the services in guestion with a view toward entering
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into a contract if a satisfactory price agreement can be
achieved. It should be clearly stated that this notice is
not an award or a commitment by the Government. Suggestion
that the contractor visit activities or incur other costs
in preparation for the price discussions is desirable. How-
ever, it should be stated that the suggestion is made for
the contractor's benefit and that any decision as to whether
to comply is at his own discretion. The Government will not
be responsible for the costs incurred.

d. Negotiation and Award

After receipt of the price proposal from the A&E
firm, the negotiation board shall carefully review and com-
pare it with the government estimate in order to determine
whether or not there are any significant differences. 1If
the contractor's proposal is equal or less than the govern-
ment estimate, the amount involved is $25,000 or less, all
elements of the proposal are in line with the estimate, and
the negotiation board is fully satisfied that the contractor
has a complete and full understanding of the work to be
performed, award may be made without £further negotiation.

If any element of the price proposal varies sig-
nificantly with the government estimate, even though the
total amount may be in accord with the government estimate,
or if the amount involved is over $25,000, the negotiation
board shall schedule a meeting with the contractor for the

purpose of negotiating the contract price. Normally such
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negotiations will first involve a discussion of the work to
be performed in order to assure that there is no misunder-
standing between the government and the contractor as to the
nature and extent of the work. In this regard, discussions
occasionally identify errors in the government estimate.
When errors are found, the government estimate should be
adjusted as may be appropriate. This adjustment may be made
in the Board Report and need not be made in the estimate

per se.

On completion of discussions of the scope of
work, the parties should conduct a detailed review of the
various price elements. Normally, if the overall price is
in agreement this discussion will start with proposal items
that are out of line with the government estimate. However,
if there is a significant differénce as to the total price,
it is in the best interest of both parties to proceed with
an item by item analysis to determine the reason and basis
for the differences between the proposal and the government
estimate.

During negotiations, figures in the government
estimate may be disclosed to the extent deemed necessary in
arriving at a fair and reasonable price. However, under no
circumstances may the overall government estimate be
disclosed.

For all negotiated procurements a Board report

or memorandum of negotiation shall be prepared. This report
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shall include as a minimum, the justification for the recom-
mended price including any differences between the contrac-~
tor's proposal and the government estimate and the method

of resolution thereof and justification for any negotiations

concerning time.

In the event that a price cannot be negotiated
with the selected A~E £irm, Section 904 of Public Law 92-5832
provides instruction for continued negotiations as follows:

The agency head shall negotiate a contract with the
highest qualified firm for architectural and engineering
services at compensation which the agency head determines
is fair and reasonable to the Government. In making such
determination, the agency head shall take into account the
estimated value of the services to ke rendered, the scope,
complexity, and professional nature thereof.

Should the agency head be unable to negotiate a satis-
factory contract with the firm considered to be the most
qualified, at a price he determines to bhe fair and reasona-
ble to the Government, negotiations with that firm should
be formally terminated. The agency head should then under-
take negotiations with the second most qualified firm.
Failing accord with the second most gqualified, the agency
head should terminate negotiations. The agency head should
then undertake negotiations with the third most qualified

firm.

Should the agency head be unable to negotiate a satis-
factory contract with any of the selected firms, he shall
select additional firms in order of their competence and
qualifications and continue negotiations in accordance with
this section until an agreement is reached.

No negotiated contract or change order shall be
awarded nor shall a contractor be authorized to proceed with
work, pending award, until all of the reviews, approvals and
clearances have been obtained. In addition, no contract or

change order shall be awarded unless the QOICC is in possession

34




1 of adequate funds to fully cover all of the work required to
be performed by the contractor under the terms of the con-

tract or change order. This does not require that *h» QICC

hold funds adequate to cover options or other futuce con-
tingencies which are not a mandatory requirement of the con-

tract or change order as issued,

S e ey oy

f‘ Subsequent to the award of an A-E contract,
after required approvals have been obtained, information may

! be released identifying only the firm selected and the total
amount of the award. The agreed to estimated construction
cost of the facility to be designed shall not be divulged.
In no instance shall other firms be given access or informa-
tion concerning the price or technical information submitted

by another offeror with the exception of revealing the price

upon which award was made.

5. Open-Ended Architect & Engineer Contracts

The term "open end contract" refers to a special

category of A&E contract wherein a firm is engaged to do the

T U

design work on a particular project with the stipulation

A

that the firm will then be provided additional projects to 1

Hhdvieg, R

design, up to a maximum total design £ee, on an "as needed"

o
e

basis. The advantage of this type of contract lies in the

RN NN B L Aitl

ability to award small design packages in a relatively short

time frame.

To permit the greatest flexibility in obtaining de-

sign services wherever they may be needed, open end contracts

'
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‘f can be in effect in each of the major geographical areas of
an EFD. To provide for further flexibility and to allow
greater use of smaller specialized forms, contracts may be
established for each of the primary design branches the
EFD's design division.

0ICC are authorized to assemble open-ended A&E pro-

jects required to be performed within a six month to one

-

year period and synopsize these projects in a single synop-

sis in the Commerce Business Daily, with selection and award

subject to:

1. No contract shall exceed 599,000 in total A&E compensa-
tion.

2. Mo single project shall exceed $40,000 in total com-~
pensation.

3. A specific project or projects must be in existence at

the time of synopsizing, with completion of other pro-
' jects of a similar nature known to be required within
the reasonable future.

4. Selection must be based upon personal interviews of
firms by the selection board.

The method of administration proposed herein is to
award an A&E contract for certain basic work, with
other work to be added by negotiated, fixed-price,
lump-sum change orders during the life of the contract.

(V]

The initial selection board interviews and report
should clearly describe the initial work and generally
describe the additional work contemplated by the selec-
tion, with a total estimated fee for the particular
contract and a showing of the general magnitude of the
work for which the contractor was selected.

o enlde R B mva - Dt o
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[ 7. Meticulous and judicious care must be taken to spread

, ASE fee work so that several contractors are selected

‘ for work at any particular activity. For example, if

total A&E fee compensation for a given one-year period
is estimated at $100,000, then the work should be
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planned in a manner to utilize at least three or four
contracts.

8. The authority set forth herein is in no way to be con-
sidered permission to contract for personal services,
engineering on an hourly basis, or the hiring of en-
gineers in contravention of personal services
prohibitions.

There are no limits other than the $40,000 on the
amount of the initial award. However, it is obvious that
too large an initial contract seriously limits the amount
of subsequent awards. In connection with the $40,000
limit, incrementation of a design is not allowed, i.e., it
is illegal to award the 35 percent or some other part of the
design in one change order and then award the f£inal design
in a separate change order to avoid the limitation. All
services for any one design must be included in a single
change order. An open end contract cannot be initiated

unless it is based on a firm requirement for a particular

design. (Ref. 10]

B. OPPOSITION TO PUBLIC LAW 92-582
1. General

The selection of A&Es using the technical competition
method is authorized by Public Law 32-582, commonly referred
to as the "Brooks Acts” for its proponent, Jacks Brooks,
Chairman of the House Government Operations Committee. The
law was enacted in October 1972 as an attempt to strengthen
competition in the awards of design contracts to Architect-

Engineer firms for Federal projects.
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Public Law 92-582 added two requirements to the tra-
ditional method used by Federal agencies to select architect-
engineer firms. These were to (1) publicly announce proposed
projects and (2) have a discussion with at least three firms
prior to selecting a firm with whom to negotiate a price.
These two requirements were incorporated in the technical
competition selection method.

The architect and engineer societies long have en-

: dorsed a procedure, known as the traditional method for
selecting architect-engineer firms for design contracts.
Under this procedure fee or price is not discussed prior to
selecting a firm with whom to negotiate a contract. The

societies oppose the consideration of fee in the selection

process. They fear that this would result in price compe-~

tition and deterioration of the quality of services rendered.
» [ref. 11}

2. Lack of Fee Consideration

a. General Accounting Office

The lack of fee consideration in the selection
of an A&E f£irm has been highly controversial and the subject y
of debate. The current controversy began in 1963, when the

General Accounting Cffice (GAC), in a report to Congress,

raised the issue that a fee paid by NASA for the design of

a Nevada facility had exceeded the statutory 6% limitation

! imposed by law. As a result of a government study authorized




by Congress, GAO recommended price competition for the se-

lection of consultants. [Ref. 12]

Specifically, the GAO report in April 1957, en-
titled "Government-Wide Review of the Administration of
Certain Statutory and Regulatory Requirements Relating to
Architect/Engineer Fees" suggested to the Congress that A&E
services be acquired through competitive negotiation tech-
niques prescribed in Public Law 87-653.

Public Law 87-653 (section 2304 (g) of Title 10 U.S.C.)
and the Federal Procurement Regulations require with cer-
tain exceptions, that, in all negotiated procurements in
excess of $2,500,* proposals be solicited from the maximum
number of qualified sources consistent with the nature and
requirements of the supplies or services to be rendered
and that written or oral discussions be conducted with all
responsible offerors who submit proposals within a compe-
titive range, price, and other factors considered.

However, in response to the 1967 report, repre-
sentatives of professional societies and DOD stated that the
legislative history of Public Law 87-653 constituted sub-
stantial ground for concluding that the competitive negotia-
tion requirements of the law were not intended to apply to
A&E services. In this regard, GAC felt it important that
the Congress clarify its intent as to whether the competi-
tive negotiation regquirements of Public Law 87-653 were
applicable to A&E procurements. [Ref. 13]

The GAO was asked by Congress for its views on

the proposed Public Law 92-582 in 1972. At that time GAO

*The $2,500 limitation has since been raised to $10,000.
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recommended witholding congressional action until the Com-
mission on Government Procurements had an opportunity to
report its recommendations to the Congress, but stated the
belief that the concept of competitive negotiations could
be as successfully applied to the procurement of A&E ser-
vices as it has been to similar professional services with-
out degrading the quality of service. The Congress, however,
decided to enact the legislation which established the Brook
Laws with the technical competition selection method.
In its December 1972 report, the Commission on

Government Procurement gave majority and minority opinions
on procuring A&E services. The majority recommended that:

Procurement of A&E services, so far as practicable, be

through competitive negotiation technigues and based on

the premise that selection be made primarily on technical

competence and merits of end products, including cost, and

that the fee to be charged would not be the dominant fac-

tor in contracting for professional services.
The Commission minority recommended that procurement of A&E
services be based on the process as indicated in Public Law
92-582. They maintained that methods recommended by the
majority would be less effective in cbtaining the best pro-
fessional services than the traditional selection method and
might result in the A&Es fee estimate becoming the "primary
factor for selection purposes.” [Ref. 14}

Since the issuance of the Commission's report,

several bills have been introduced .:n the Congress sup-

porting competitive negotiation technigues for selecting
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A&Es. Also, as alleged A&E award abuses have become widely
publicized, several professional organizations have studied
A&E selection procedures and have suggested improvements
which could be made to alleviate such abuses. These studies
stressed that selection procedures paralleling Public Law
92-582 provide sufficient competition and enable clierts to
obtain the best end product. This is in accord with posi-
tions previously taken by the professional organizations.
Their recommendations encouraged States to enact legislation
paralleling Public Law 92-582 as well as encourage State
licensing boards to adopt codes of ethics and responsibility
for disciplinary actions (where possible through legisla-
tion) against violators. [Ref. 15]
The GAQO again attacked the Brooks Law in 1976

[Ref. 16] for the lack of fee consideration in the selection
process. The basis for the report is cited as follows:

The competition--or lack thereof--required by the Federal

Government in procuring A&E services differs from that

required for most other procurements. This has been the

topic of considerable debate and interest for many years.

Aroused public and congressional concern, plus the belief

that contracting procedures can be strengthened and compe-

tition improved, caused us to evaluate the manner in which

the Federal Government procured these services.

The conclusion of the GAO report recommended the

Ccongress repeal Public Law 92-582 or provide for its amend-

ment to require competitive negotiations. Engineering-~-News

Record [Ref. 17] summarized the report as follows:

In a far-~reaching and highly critical report on fed-
aral architect-engineer selection practices, the General
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Accounting Office (GAO) has called for repeal of the
Brooks law and greater emphasis on fees in choosing con-
struction designers.

The report signals little changes in GAO's historic
view of greater price competition in A&E procurement, but
it is significant in that it details objections to the
traditional non-fee selection method by government agen-
cies and strongly urges Congress to overhaul the system.

The report is seen as the opening shot in a battle to
revamp federal A&E selection methods when Congress recon-
venes next year. The Department of Justice and the Office
of Management and Budget's Office of Federal Procurement
Policy also favor major A&E selection changes.

The GAOQO further concluded that the Department of
Defense and General Services Administration have generally
complied with the two changes that PL 92-582 made to the
traditional method of A&E selection, i.e., (1) the public
announcement provision, and (2) the discussion provision.
However, the GAO is of the opinion "that the law has not
brought about any significant change in the competition
among A&Es for Federal projects." [Ref. 18]

b. Professional Codes of Ethics

Prior to 1972, the architect and engineer indus-
try, in their Code of Ethics, forbade their members £from
submitting prices with their offers for comparison with
prices supmitted by other architects and engineers on the
same project. This practice is inherent in the traditional
method of selecting A&Es and is prescribed in the Brooks
Law. Andrews [Ref. 19] therefore concludes that the A&E in-

dustry is able thereby to £ix prices for its services and

prevent its members from offering lower prices in a truly
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competitive market. Additionally, he states that a govern-
ment contracting officer who is faced with prices f. xed by
the industry is reluctant to give up the best qualified firm
if he will be negotiating with the second or third best
gualified at the same prices.

The United States Department of Justice (DOJ)
began to question the learned professional's exemption from
the Sherman Anti-Trust Act. On May 1, 1972, DOJ filed a
complaint against the American Society of Civil Engineers
(ASCE) for violation of the Sherman Act with respect to re-
straint of interstate trade. Article 3 of their Code of
Ethics, the item that brought the DOJ suit against ASCE,
declared it unprofessional to invite or submit priced pro-
posals under conditions that constituted price competition.
ASCE, deciding it was wiser to comply than fight, signed a
Consent Decree with the DCOJ and removed the offensive por-
tion of the Article from the Code of Ethics. The American
Institute of Architects also found it easier to comply, but
the National Society of Professional Engineers (NSPE) de-
cided to fight the DOJ suit. After nearly 5-1/2 years and
many dellars, the United States Supreme Court ruled against
NSPE on April 25, 1978. {Ref. 20]

Even though the modern trend in the courts is
apparently to strike down long-standing ethical standards as
in the NSPE case, the decision did not embrace competitive

bidding or endorse the concept. Rather, as discussed by
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Lunch [Ref. 21], the Court noted that ". . . competitive
bidding for engineering projects may be inherently imprecise

and incapable of taking into account all the variables which

will be involved in the actual performance of the project."
The Court recognized that an owner might conclude that his

i interest in quality outweighs the advantage of achieving

! cost savings by pitting one competitor against another.
Finally, the Court even recognized that NSPE had provided
ample documentation for its thesis that competitive bidding
might lead to defective results, but concluded that even
with such documented reasoning, the ethical standard could
not stand under a "per se" approach, thus rejecting the

] "rule of reason”" rationale. Lunch concluded the article
with the following:

_ It seems to be difficult for antitrust authorities to

2K recognize that there is indeed intense competition for
engineering assignments, and always has been, and that
such competition is mandated by the Federal Brooks Law and
similar state laws governing A&E procurement. Unfortu-
nately, they fail to understand that there is more to com-
petition than price competition; that price competition
has meaning only when the things being compared are equal,
and that this can never be in the conception and formula-

tion of an intellectual approach to a problem or need of
a client for an engineering project.

A ——

c. Congressional Action
Congress has attempted various actions in an
effort to introduce fee consideration in the selection of
»1 A&E firms. However, as pointed out by Andrews [Ref. 221},
i the efforts have not been coordinated with consistent legis-

lative proposals.
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The House investigative staff and members of the
Subcommittee on Appropriations having jurisdiction of de-
fense construction recommended accordingly that there be a
test and evaluation of competitive pricing procedures for
A&E services. However, Assistant General Counsel (Logis-
tics) Trosch, in a written opinion, stated that the Depart-
ment of Defense was limited by its Construction Authorization
Act (Section 604, PL95-356) to a selection process that is
"consistent with the presently established procedures,
customs, and practice," as set forth in the Brooks Act. He
concluded that a statutory provision specifically authorizing
such a test of price compariscon would have to be enacted by
the Congress.

However, in November, 1978--in accordance with

the instructions from the House Conference Committee--the

U.S. Corps of Engineers began the implementation of a five
million dollar test program for considering price as a fac-
tor in the selection of architect-engineers.

In January 1979, shortly after the test program
was under way, its legality was questioned by a staff member
of the Senate Armed Services Committee. On February 27,
1979 Senator Hart wrote Secretary of Defense Brown asking
that further work on the test be suspended and noted that
". . . the test appears to violate Section 604, PL 95-356

which requires that A&E contracts be awarded in accordance

with established procedures unless otherwise specifically
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authorized by the Congress . . . ." The "established pro-
cedures" are those prescribed by the Brooks Act,

In response to a letter inquiry from Representa-
tive Jamie L. Whitten, Chairman of the Committee on Appro-
priations, dated August 1, 1979, the Comptroller General of
the United States, in his reply of September 28, 1979 ad-
vised that because of the specific restriction of the Au-
thorization Act, "The Congress must explicitly do so
(authorize a pilot program) by specifically authorizing the
test program by means of legislation." However, the Mili-
tary Construction Authorization Act, 1980, contained the
same Section 604 restriction on price competition for
architect-engineer procurements as did the earlier Act,
and the Military Construction Appropriation Act, 1980, con-
tained no specific authorization for a test program.

3. The Department of Defense Position

a. General

The controversial issues over the A&E selection
method for Federal projects has continued for several years.
The basis of the controversy is P.L. 92-582, the 3rooks Law,
which establishes the "traditional" method of selecting AS&E
firms. There have been numerous proposals for changes to
the law, but no congressional action has changed the Brooks
Law since it was enacted in 1972.

Opponents of the Brooks Law argue the following

major points:
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1. The A&E industry can operate a price-fixing system for
design contracts,

2. Favoritism and political corruption can be exercised
with the current selection process,

3. There is no incentive for offering lower prices on
part of the A&E industry,

4. Price comparison of different proposals is precluded.
Advocates of the Brooks Law, who oppose the in-
troduction of fee consideration in the selection process,
argue the following points:

1. The qualifications of the selected A&E are more im-
portant than price,

2. The consideration of fee will dominate the negotiation
discussions,

3. A&Es will be forced to cut corners on the design ef-
fort to remain competitive, and as such, the quality
of design, innovation, and creativity will be reduced,

4., The detailed development of fee and project proposals
will increase design cost and delay project completions.

b. DOD Response to GAO
The Department of Defense in response [Ref. 28]
to the GAO draft report titled "Review of Architect~Engineer

Selection" commented on the GAO's proposed changes to or

repeal of the Brooks Law to include price considerations in
the selection of A&E. This letter defined the position of
the DOD.

The determination of the best method for selecting
A&E's has been a controversial issue for many years. We
concur in the statement of the report that Federal pro-
cedures should be a model for the Nation. The gquestion to
| be examined therefore is what should be the objectives of
! a model selection system. In our view such a system
should:
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. Result in obtaining gquality sexvices for translating
Government facility requirements into aesthetic and func-
tional designs.

. Provide economical construction considering life cycle
costs.

. Distribute the available work among all qualified firms
including large, small, minority, and new firms.

. Provide safeguards to assure that public funds are being
properly administered and that favoritism is not a factor

in the selection process.

. Provide an administratively efficient system so that
A&E's can be selected in a reasonable time with reasonable

effort.

. Permit A&E's to seek and secure commissions without ex-
pending excessive time and resources and to receive rea-
sonable fees on the basis of the required scope of work.

. Provide flexibility to permit variations in procedures
to accomodate selections for projects varying in size and
complexity.
. Assure that procedures and policies are being followed.
Unfortuantely, the objectives listed above are such
that the achievement of one may work to the detriment of
others. The selection of the most qualified firm may not
result in obtaining a satisfactory distribution of work
among firms. Attempting to select the best A&E for a par-
ticular job may not be compatible with the objective of
avoiding the necessity for exercising the A&E profession
in preparing unpaid proposals. Assuring that public funds
are properly spent may result in an administratively inef-
ficient system. These examples illustrate the interplay
of the diverse factors which must be resolved in achieving
a model system.

As discussed in the report, a so-called traditional
method of selecting A&E's has evolved which is now covered
in P.L. 92-582. This statute does not require considera-
tion of fee in the selection process and the question of
whether fee should or should not be considered has been a
major issue. Another matter of contention concerns the
amount of material that competing firms should furnish to
provide a sound basis for evaluation.
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It has been the position of DOD that P.L. 92-532,

properly implemented, represents a reasonable balance

L among the conflicting objectives of a model A&E selection
system. The rationale in support of this position are
well stated in an exerpt from an Interagency Study on the
Government Procurement Commission recommendations relating
to A&E services as follows:

1.
2.
|
}\
3.
4.
g
- 5.
L
{
Ly
|
:
i
3
: 6.

The prime objective in selecting an A&E is to obtain
quality services for the translation of Government fa-
cility requirements into cost effective, functionally
and aesthetically satisfying construction plans.

The introduction of price competition, regardless of
the form utilized, does not enhance the selection of
the best qualified firm.

The fees for A&E services are a small part of the
total project cost and any potential difference in
fees among A&Es would be inconsequential in comparison
to the savings or other benefits which could be real-
ized by the Government over the entire life of the
project from the selection of the most highly quali-
fied firm, or conversely, the potential monetary loss
to the Government resulting from the selection of a
less qualified firm.

The submission of meaningful proposed concepts and
project cost proposals by competing A&E firms prior to
selection would manifestly increase the expenditure of
effort and costs by both the Government and competing
firms. The development of design concepts runs 15 to
30% of normal fees. The routine request of 3 or more
competitive concepts with project cost proposals would
be very wasteful.

The resultant cost and effort required to prepare ade-
quate concepts and project cost proposals, even for
routine projects, would constitute a financial barrier
to the participation of many firms, and most particu-
larly small and newly formed firms, in competing for
Federal A&E contracts.

The preparation by competing A&E firms of carefully
conceived proposed concepts with realistic pricing for
the construction end product, followed by Government
evaluation, would necessarily require significant
time, thereby unduly delaying the selection of the A&E
and ultimately delaying the completion of the end
product.
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10.

11.

12.

Primary dependence upon estimates and concepts sup-
plied by competing firms would, in general, provide a
less certain basis for selection of the best qualified
A&E than is provided under current procedures through
the use of the professional qualifications and record
of actual performance of the interested firms.

The selection of an A&E should continue to be based
upon Government technical evaluation of: the profes-
sional qualifications; experience; in-house capa-
bilities and availabilities; caliber of consultants;
demonstrated cost consciousness; and the comprehensive
performance record of the competing A&E firms.

The depth and sophistication of inquiry, screening and
evaluation in the selection process should be commen-
surate with the scope, complexity and urgency of the
project and not arbitrarily bound by a rigid, time
consuming and expensive selection procedure.

In order to assure the reasonableness of the A&E fee
proposal, normal procedures require its comparison with
an independent detailed Government fee estimate and,
where fees exceed $100,000 preaward audits of A&E cost
and pricing data with certification.

Undue emphasis on price competition might tempt A&Es
to submit unreasonably low prices to promote favorable
consideration, the the detriment of their ability to
satisfactorily perform the necessary professional
services.

The currently used (traditional) selection procedure,
as expressed in P.L. 92-532 and DAR, should be re-
tained since it provides a reasoned approach to the
selection of A&E firms, in basic conformance with the
procedures used in the non-Federal sector, and one
which is also accepted as an equitable procedure by
the A&E industry.

¢. The Navy Position

The position of the Navy reinforces the DOD

opinion. RADM D. G. ISELIN, former Commander of the Naval
Facilities Engineering Command, presented the Navy position

on the subject before the Military Construction Subcommittee




of the House Appropriation Committee [Ref. 24]. RADM Iselin

' is quoted as follows:

! I would like to address briefly the related topic of

' price competition in the procurement of architect-engineer
services. The dialogue on this issue has been going on
with varying degrees of intensity now for over ten years.
I freely admit to having very strong convictions on this
subject, convictions born of intimate personal involvement
in this field for many yvears.

In buying architect-engineer services, we are not
buying a predetermined product. We are buying professional
skill in the engineering and architectural fields, creative
talent, and a level of effort. Until we go through a
significant amount of dialogue with the A&E, which I will
elaborate upon in a moment, there is no mutual under-
standing between the A&E and the government on exactly
what the A&E will be required to do, and therefore no
basis for him to make a realistic fee proposal.

While we recognize that we are requesting substantial
sums of money on an absolute basis each vear, we feel it
is important to view the design cost in the perspective
of the total project cost over the term of its useful life
span. If we take a typical bachelor enlisted gquarters,
for example, and examine the total cost over its esti-
mated economic life of 25 years, we £ind that outfitting,
operating, maintenance and repair costs represent 56 per-
cent of the life cycle cost, construction costs represent
42 percent, and the design cost represents approximately
2 percent. This relatively modest cost notwithstanding,

K the A&E's design effort has critical influence on both the

K 42 percent for construction cost and especially the 56
percent for operations, maintenance, and repair. The
design funds are 'front-end money' which has tremendous

1 leverage on life cycle costs. Because of this leverage,

- it is vitally important that we get the highest pcssible

'5 technical quality in the design effort. 1In my professional

, opinion, any proposal which seeks to reap a near-term

X saving by reduction in cost, but which increased the risk

J of diminished technical guality of the design effort, is

i short-sighted in the extreme. We will live with the cost
impacts of that diminished technical quality for the full
economic life of the facility. This concern is the corner-
stone of my opposition to price competition in the pro-

curement of architect~engineer services.
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There are, of course, varying forms of price competi-
tion, ranging from outright competitive bidding such as we
use for constructicn contracting, to various approaches
for considering fee as one of several factors. My concern
is twofold: First, you cannot consider fee by itself--as
I have indicated--quality of the design effort is para-
mount; secondly, I feel that once fee is introduced, it
will tend to dominate. The A&E's fee proposal is an easi-
ly understood, concrete number which anyone can evaluate.
The more important considerations of technical competence,
design quality, and creativity are just the opposite--they
are abstract, difficult to define, and hard to evaluate.

I am afraid that fee will become the "easy way out” and
that design gquality will be degraded to ocur detriment over
the long term.

Finally, in my judgment, the consideration of fee in-
troduces a divergence between the interests of the govern-
ment and those of the A&E. The government is interested
in the highest quality design. Under price competition,
the competitive pressures eventually induce the A&E to
provide that amount of design effort which will just "get
by," in order to reduce his fee proposal and thereby in-
crease his chances of receiving the award. The pressures
induced by fee competition, therefore, impel us toward the
'least common denominator': the least-cost A&E who, in
order to cut costs, will reduce his design effort accord-
ingly. These pressures run counter to the government's
long-term objective for high quality design. What we need
is an A&E who will consider the feasible design alterna-
tives, evaluate the different candidate building systems
to insure lowest life cycle cost, and provide us with the
most cost effective project design for the long term. . . .
We take great pride in the fact that there has been no
hint of scandal in the Department of the Navy in our A&E
contracting.

C. COST ESTIMATION OF ARCHITECT & ENGINEER CONTRACTS

1. The Government Estimate

The requirement for a detailed analysis of estimated
costs for Architect-Engineer services is established by
Defense Acquisition Regulations 18-108.2 which state:

Architect-Engineer Contracts: An independent Government

estimate of the cost of Architect-Engineer services in the
same detail as if the Government were submitting a proposal

52

)




shall be prepared prior to the negotiation of each pro-
posed contract or modification thereto, affecting price,
expected to exceed $2,500 in amount. The cost breakdown
figures in the Government estimate may not be disclosed
prior to negotiations, but these cost breakdown figures
may be revealed during negotiations to the extent deemed
necessary for arriving at a fair and reasonable price, and
provided, however, that the overall amount of the Govern-
ment estimate is not disclosed. Any change in the Govern-
ment estimate that is made during or subsequent to price
negotiation shall be specifically, but succinctly, ex-
plained in the record of price negotiation.

Under the Brooks Act, the test of what is a "fair
and reasonable” price for A&E services is the government

estimate. As such, the government's estimate of the A&E

fee w%ll be designated FOR OFFICIAL USE ONLY and will not
be divulged to the A&E. It will be used to determine the
reasonableness and acceptébility of the A&E proposal during
subsequent pre-negotiation and negotiation meetings.

The estimate is based upon the scope of work which

the government has decided to include in the final contract.
As such, the negotiation process is used to determine con-

tract requirements with the government estimate representing

the quantification of project scope. RADM Iselin addressed
this process in his "Statement of Planning and Design" to
the Military Construction Subcommittee. [Ref. 25]

We also prepare our own independent government estimate of
the amount of A&E effort and the cost, in the first en-
deavor to insure that there is a mutual understanding of
what the A&E is required to do. This dialogue is critical.
The A&E through his gquestions may stimulate us to consider
new and different technical approaches to meet our basic

! requirements. Through this dialogue, the project require-
f ' ments are refined and agreed upon. Only after this mutual
understanding has been achieved of what the A&E will be
expected to do are we in position to consider price in its
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proper perspective. Negotiations proceed with the objec-
tive of reaching agreement on a fair and reasonable price
for the A&E effort. Through the negotiating process, dif-
ferences between our estimate and the A&E's are identified,
discussed and resolved. Usually there will be further
refinements of project requirements during this exchange.
A&E contract.. shall not be awarded in an amount in
excess of the government estimate. If during the course of
negotiations, it is determined that the government estimate
is in error, or even in such instances as where the govern-
ment estimate may not be in error, but the contractor's
estimate represents a fair and reasonable amount for the
work to be performed, the Board report for the negotiations
shall indicate any variations or modifications to the govern-
ment estimate which are appropriate and upon which it was
determined that the contractor's proposal was fair and

reasonable. [Ref. 26]

2. Methods of Estimating

a. A&E Industry Methods

There are several methods of developing design
estimates being used in commercial practice. A discussion
of current methods is presented below. [Ref. 27]

In the "phase and compensation" metheod, a given
design fee is assumed, and the fee is broken down into a
payment schedule according to each project phase. For
example, 20 percent of the fee may be designated for the
concept vhase, 30 percent for preliminary design, 40 per-

cent for working drawings, and 10 percent for bidding or
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negotiations. The amount of money in each phase is then
divided by the hourly rate normally charged, and a resulting
number of man-hours for each phase is determined. The ac-~
curacy of this method relies on the experience and ability
of the estimator to determine the required amount of design

effort which is used to determine the design fee. An in-

experienced estimator can overestimate or underestimate the
fee by a considerable amount.

The "detailed breakdown" method is a technique
of determining the number of engineering design man~hours
based on a detailed analysis of the elements required broken
down by specific discipline. This method provides fairly
accurate estimates of the required man-hours, but it is

quite time-consuming.

The "computed curve" method relies on historical

data which relate the total number of design man-hours re-

quired for previous projects to the associated project coscs.

A curve is drawn to model this relationship, usually with
project cost along the X-axis and total man-hours along the
Y-axis. By knowing the estimated cost of a new project,

the engineer can estimate the number of man-hours required %o
design a project by reading the man-hours where the esti=~
mated cost intersects the curve. Different curves can be

established for different ranges of project cost. In addi-

tion, each project is evaluated by the engineer in terms of

complexity and modularity. The results of this evaluation

(92}
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may then cause the curve to be shifted within plus or minus
three standard deviations from the mean represented by the
initial curve. For example, if the project rated high in
modularity and very low in complexity, the curve would be
shifted down approximately three standard deviations; if

low in modularity and high in complexity, the curve would be
shifted up approximately three standard deviations before
reading the number of required man-hours.

The "matrix" method also relies on historical
project man-hour data related to cost and complexity tc
enable the engineer to estimate total project design man-
hours. Cost ranges such as $0 -~ $25,000, $25,000 - $75,000,
75,000 - $150,000, and $150,000 - $400,000 are displayed
vertically on the matrix. Complexity values are low, medium,
and high and are displayed horizontally on the matrix. The
cells of the matrix then contain the total number of man-
hours for project design based on an estimated cost and com-
plexity. The matrix method requires a large data base unique
to each base and does not allow for the effects of other
important design variables.

The "cartooning" method is a technique based on
the estimated number of drawings which may be required, the
amount of information or detail which should be contained on
each sheet, and some knowledge of how many man-hours it will
take to complete each sheet. To use this technique, an

engineer must be experienced in all of the engineering
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disciplines involved in a design or have experienced super-
visors or senior engineers who can provide the necessary
information. In addition, the engineer must have established
a data base on man~hours per sheet of drawings.
b. The Navy Method

In accordance with the Defense Acquisition Regu-
lations and NAVFAC P-68 policy to develop estimates in some
detail as if the Government were submitting a proposal, the
"detailed breakdown" or "detailed analysis method" is re-
quired for A&E contracts. Under the detailed analysis
method, man-hour estimates must be made for each discipline
of personnel services to be reguired by the A&E for accom-
plishment of design, engineering services and construction
contract support services. Design projects normally involve
professional and sub-professional personnel for the archi-
tectural, structural, mechanical, electrical, civil, cost
engineering, and specifications disciplines. Estimated
hourly rates are applied to the estimated number of man-hours
for each discipline. Allowances are made for the A&E's
overhead and profit to arrive at the total estimated fee,
which is then used as the basis for negotiation with the
selected architect-engineer. [Ref. 28]

The detailed breakdown method can be used in
conjunction with the cartooning method. In practice, the
combination of the two methods provides a greater analysis

of detailed requirements and clearer presentation of project




scope. The engineer will determine the number of drawings
within each engineering discipline to present the construc-
tion project, the cartooning method. Then the engineer can
determine the man~-hour requirements for each discipline
based on the number of drawings, the details and complexity
of each drawing, and then apply the labor overhead, and pro-
fit rates. This combination of methods is practiced among
government engineers in developing cost estimates for A&E
contracts. This method generates a government estimate in
adequate detail to provide the A&E Negotiations Board with
sufficient information to agree upon fair and reasonable
prices with the selected A&E for a fixed price contract.

c. Percentage of Estimate Construction Cost

AsE fees have also been estimated as a percentage

of the estimated construction cost. Graphs and/or schedules
with suggested fees were prepared by the professional so-
cieties and distributed to their membership. Fee ranges
were developed from experience and reflected an "average"
fee which could be adjusted to meet the particular design
effort at hand [Ref. 29]. Due to the Navy policy of using
detailed analysis for estimating, "the use of a percentage
of the estimated construction cost as a means of determining

A&E compensation is prohibited" [Ref. 30]. However, the

percentage of estimated construction cost method can be used
as a guideline in determining cost, especially in light of

x the six percent statutory limitation discussed later.
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3. Developing the Estimate

a. Components of the Estimate

The estimate for an A&E contract consists of
three separate parts or components. Appendix B shows a
typical form used by both the government and the A&E firm
in developing estimates. The three components are (l) De-
sign--Section A, (2) Engineering Services--Section B, and
(3) Construction Contract Support Services (CCSS)--Section
C.

(1) Design--Section A. The design effort is

presented in Section A. This effort is defined as the ser-
vices required for "the production and delivery of designs,
plans, drawings, and specifications for a construction pro-
ject" [Ref. 31]. The design effort is .stimated by deter-
mining the direct labor man-hours required for each
discipline (project engineering, architectural, structural,
mechanical, electrical, civil, landscape, specification/
report writer, cost estimator, and typist) separated by
professional and sub-professional capabilities. These
separate man-hour requirements are then extended by the
appropriate labor rate and totaled to arrive at the "total
direct labor" (line 12, Appendix B). The indirect costs

of the A&E firm are represented in the overhead rate. The
overhead rate is applied to the total direct labor to com-
pute the amount of overhead. An overhead rate of approxi-

mately 100% is prevalent throughout the A&E industry. The




American Institute of Architects (AIA) [Ref. 32] supports
this rate in ". . . that experience has demonstrated that
overhead almost equals salaries ., . . ." The amount for
profit is then added to the total of overhead and direct
labor to determine the "total fee for design services" (line
16 of Appendix B).

(2) Engineering Services--Section B. Engineer-

ing services are those items required to develop the design
of the construction project but not explicitly displayed in
the design presentation. As shown on Appendix B, these
items include subsurface investigation, topographic survey,
field investigation, reproduction, other special cost, and
travel. Fees for these items are negotiated as a lump sum
to include direct cost, overhead, and profit.

Subsurface investigations include soil
borings, mechanical analysis, related laboratory analysis,
recommendations and reports as required. The total amount
for subsurface investigation is a lump sum figure which also
includes any required travel and standard equipment cost.

If not practical to negotiate a lump sum, a unit price may
be utilized and negotiations conducted to establish unit
prices, with estimated gquantities and a "not to exceed fee."

Topographic surveys include survey parties,
computer time, engineering and draftsman services in deter-
mination of contour intervals, grade and slope conditions

and other site requirements as necessary. The lump sum
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figure for topographic survey work also includes any re-
quired travel and standard equipment cost.

The fee for field investigations shall
cover the effort necessary to determine existing conditions.
Work items included are evaluation of the adequacy of exist-
ing utility systems, structural condition of existing
facilities, verification of existing as~built drawings, etc.
Field investigation is negotiated in terms of man-days with
an appropriate rate to include overhead and profit.

The category of other special cost includes
numerous different items of work. Appendix C is a listing
of items which fall into this category. However, the most
commonly used items are Project Engineering Documentation
(PED}, conceptual studies, energy conservation studies, and
solar energy studies.

Reproduction costs are for the reproduction
of drawings and specifications in quantities as specified by
the scope of work.

Travel expenses should be added on a lump
sum basis only if the amount of the travel to be performed
is relatively certain and the cost thereof can be computed
with a good degree of certainty. In addition, travel costs
should be computed on the same basis of allowability as that
which is allowed under government travel regqulations. 1If
the amount of travel to be performed is uncertain, the con-

tract should provide that the contractor will be reimbursed
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for authorized travel. In accordance with the standardized
government travel regulations in granting such authorization,
the 0ICC should assure that the number of personnel per-
forming travel and the proposed duration of the trip is
necessary for adequate performance of the contract work.
Normally, profit and overhead will not be allowed on travel
expenses; however, if a large amount of travel is required,

which will involve significant administrative expense in

arranging tickets and preparing vouchers for reimbursable
travel, a reasonable overhead charge may be allowed on the

amount of travel reimbursed. {Ref. 33]

e

(3) Construction Contract Support Serviceg-- !

Section C. Construction Contract Support Services (CCSS)

are negotiated as an option to the government available for

a period of time following the final design submittal.

Usually, the time period is 360 days. CCSS items are nego-

tiated in terms of hours required at an hourly rate with

overhead and profit. There are two components of Section C:

(1) shop drawing review and office consultation and (2) as-

built drawing preparation.

Office consultation includes the necessary

services of the A&E to clarify the intent and interpretation

3 of the plans and specifications, to provide advice on ques-
tions that may arise in connection with the construction
project and to provide office consultations in connection

1 with contemplated changes as well as consultations during
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negoti-tion of change orders to the construction contract.
Shop drawing review includes services to assist with the
inspection of all materials and equipment which will be in-
corporated in the finished construction project. "Addition-
ally, the A&E will be required to check all shop drawings,
samples, catalog cuts, manufacturers' certificates, and also
purchase orders which may be submitted by the construction
contractor.

As-built drawing preparation includes
entering all changes and corrections on the original tracings
of the project drawings that developed during project con-
struction. These changes are provided to the A&E on "marked-
up prints" by the OICC showing the "as-built" condition and
includes written modifications to drawings issued in either
amendments or contract modification.

b. Statutory Limitations

Public law (10 U.S.C. 7212) requires that the
design fee for public works or utilities projects may not
exceed six percent of the estimated construction cost of the
project. The six percent ceiling applies only to the pro-
cured A&E services for the production and delivery of de-~
signs, plans, and specifications for a construction project.
As such, the "total fee for design services," line 16 on
Appendix B, is the figure subject to this ceiling. The
Armed Services have interpreted the statute such that the

cost associated with Sections B and C do not apply to this
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limitation. The validity of this interpretation has been

upheld under numerous congressional reviews and rulings by

the Comptroller General. [Ref. 34]

The six percent cost limitation is often too
low for designing small dollar value projects and unique
facilities. In making this observation, the Defense Audit
Servicez[Ref. 35] recommended that the statute be revised

to increase the ceiling for small dollar value and unique

construction project. It was noted that often design work

for these projects must be accomplished in-house by the
engineering organization because A&E firms would not do the

work within the six percent maximum. In a response to the

Defense Audit Service's draft report, the Commander, Naval

Facilities Engineering Command did not concur with this

recommendation. This response was based on the opinion that
increasing the statute would "result in unwarranted infla-

tionary trends, relative to the value of the facilities

designed" [Ref. 36].
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IITI. METHCDOLOGY

A. DEVELOPING THE DATABASE

1. General
The data for the research was collected at the
Western Division, Naval Facilities Engineering Command, San
Bruno, California (WESTNAVFACENGCOM). A&E contracting at
WESTDIV is about one third of the NAVFACENGCOM total. The

number of awards and total dollar amounts are as follows:

[Ref. 37]
Fiscal Modifi- Dollar Percentage of
Year Awards cations* Total MAVFACENGCOM Total
76 171 58 $ 6,360,000 9.4%
77 225 631 23,009,000 31.7%
78 234 973 33,492,000 33.4%
79 187 1,024 30,288,000 33.1%
80 178 1,075 28,963,000 31.4%

The data was retrieved from the contract files held
by the Contracts Division, Code 02. The Negotiation Board
report was the source document with the attached government
estimate and the A&E's fee proposal. Accordingly, the data
collected was that of the negotiated contract reflecting the
initial agreement reached between the A&E f£irm and the

government negotiators.

*Modifications include changes, awards of options, award
of final design, open-ended contract awards, etc.
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The database consisted of 300 A&E contracts: 134--
FY 79, 158--FY 80, 8--FY 81. This total was essentially all
ASE contracts for these fiscal years that were available in
the contracts files room from 10 April 81 to 17 July B81.
This statement is qualified with several exceptions. Engi-
neering Service (E/S) contracts were not included as this
research was directed towards A&E contracts resulting in
construction design. Each subsequent award on an open-
ended contract was considered a separate contract as each
award is for a different project which requires a separate
negotiation process. Thirteen .. & contracts had various
components of the fee itemization that were too large (too
many digits) to fit the structure of the database. Four A&E
contracts were working at the 35% design stage with the
final design not yet negotiated. Changes negotiated for
additional scope to an initial award were not included since
the change order negotiations cannot be considered to be
independent of the initial award. The 300 contracts repre-
sented 83% of all the contracts for FY 79 and 80, and all
A&E contracts available for FY 31.

2. Components

Seventy-five pieces of information were recorded for
each contract from the negotiation board report, the A&E fee
proposal, and the government estimate. Some of the compo-
nents are self-evident while others require an explanation

or were coded to facilitate computer recording.
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Year--The calendar year of the negotiation.
Month--The month of the negotiation.

Open-Ended--A coded-numerical entry indicating if the
contract was awarded under the open-ended contract
provision:

0--Not an Open-Ended Contract
1--An Open-Ended Contract

Estimated Construction Cost--This figure represented
the dollar scope of the construction project.

Category Code--A coded-numerical entry to describe the
facility being constructed, repaired, etc:

l--Operation and Training Facilities

2--Maintenance and Production Facilities

3--Research, Development, Test and Evaluation
Facilities

4--Supply and Warehouse Facilities

S5-~Hospitals, Medical and Dental Clinics

6--Administration Facilities

7--Community Facilities (Barracks, Dining, Recreational)

B-=Utilities

9--Ground Structures

0--Family Housing

Work Code--A coded-numerical entry to describe the type
of work:

l1--New Construction

2--Repair, Maintenance, Repair by Replacement

3--Alterations, Modifications. Expansions

4--Equipment Insta’lations

5--Retofit Projects {(Safety, Pollution Abatement,
Energy Conservation

Lead Discipline Code--A coded-numerical entry to de-
scribe the nature of the required work by which design
discipline provided the most man-~hours, professional
and sub-professiocnal:

l--Project Engineer
2-=-Architectural
3-~-Structural
4--Mechanical
3-~-glectrical
6-=-Civil
7--Landscape
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Number of Drawings-~The total number of drawings re-
quired to present the construction project as agreed
to during negotiations.

Hours--Nine different totals for direct labor hours
were summarized as follows: professional engineers,
sub-professional engineers, the specifications writer,
the cost estimators, typist, prof=ssional and sub-
professional shop drawings, and professional and sub-
professional as-built drawing preparation.

Total Direct Labor--The total of direct labor hours
times the various labor rates.

Overhead Rate~-The negotiated overhead rate to cover
the indirect cost of the A&E firm.

Profit Rate~-The profit rate as negotiated which is
commensurate with contract risk.

Total Design Cost--The dollar amount presenting the
total of Section A computed by applying the overhead
and profit rate to the amount of total direct labor.

Engineering Support, Section B--There were eleven dif-
ferent totals recorded from Section B of the contract.
Detailed explanations of 2ach is not necessary due to
the self-evident title of efarh. The following were
recorded for ewsach coatvract: the cost of reproducing
the plans and specifications, the cost of subsurface
investigations, the cust of topographic surveys, the
number of days of field investigation, the cost of
field investigation, travel cost, project engineering
documentation, conceptual studies, energy conserva-
tion studies, solar energy studies, and the total cost
of all of Section B.

Construction Contract Support Services, Section C--The
total for Section C was recorded which provides for
future options to the contract for the government to
procure these services,

Grand Total Fee--The bottom line negotiated total for
the A&E contract.

Location Code--The geographical location of the project
site was recorded with a numerical code as follows:

l1--Adak, Alaska
2--Washington and Oregon
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‘ 3--Northern and Central California (San Francisco Bay
- Area)

- 4--L0os Angeles Area

5--San Diego Area

6--Yuma, Arizona

r. Number of Disciplines--The complexity of the A&E con-
- tract was measured as a function of the number of dif-
ferent design disciplines required to perform the
design work. A numerical entry was used gquantifying
the total number of different design disciplines. The
maximum number was seven with a minimum of one.

s. ENR Building Cost Index--Engineering-News Record (ENR)

related economic factors. The Building Cost Index
(BCI) is one of these economic indicators. The BCI
represents the cost for a constant amount of labor and
{ building materials and is computed for different geo-
graphical locations. The BCI is computed for three
geographical areas of WESTNAVFACENGCOM: Seattle, San
Francisco, and Los Angeles. The BCI breakdown by geo-
graphical areas is provided on a monthly basis. There-
fore, the published BCI that was recorded for each
contract corresponded to the closest geographical area
and to the closest date of contract negotiation.
Additionally, ENR provides forecast of future cost
trends by projecting the BCI for a twelve month period.
These forecasts can be used in projecting cost on
future A&E contracts.

t. Hours Per Drawing--Eighteen entries were recorded per-
taining to the man-hours per drawing. For each of the
six design disciplines, the following three items were
recorded: (1) the number of drawings required for
each discipline, (2) the professional design hours per
drawing and (3) the sub-professional design hours per
drawing.
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u. Labor Rates~-The final items that were recorded were
the twenty different labor rates.

3. Compilation

The database was compiled using FORTRAN programming

language with the WATFIV-S Compiler [Ref. 38] on the IBM 370

computer at the Naval Postgraduate School. Each contract

required four 80-column key punched data cards. The data
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was structured in a one-dimensional array, which was read,
printed, and recalled for computations with conditional
statements and counted do-loops. An example of the print-

out for one contract is shown in Appendix D.

B. DESCRIPTION OF THE DATABASE
1. General

There were eight descriptive factors for each con-
tract included in the database. These factors were used to
group the contracts to determine trends, comparisons, and
differences of the analytical computations performed to sup-
port the cost estimation decision process. Not all descrip-
tive factors were considered to be relevant to all
computations. The matrix in Appendix E shows the rele-
vant relationships between descriptive factors and computa-
tions. An analysis of the database is provided by each of
these descriptive factors.

2. Category Code

The type of facility being repaired, constructed,
etc. was coded as defined in the previous section. A break-

down of the 300 contracts into the ten codes is as follows:

Code Type of Pacility Number Percentage
0 Family Housing 17 6
1 Operational & Training 56 19
2 Maintenance & Production 43 14
3 RDT&E 2 1
4 Supply 16 5
5 Medical 10 3
6 Administrative 3 3
7 Community 48 16
70
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8 Utilities 82 27
9 Ground Structures 18 6

Due to the small number of Code 3 facilities, RDT&E
projects were eliminated as a separate grouping for further
analysis. The sample size was too small to achieve statis-~
tical significance.

Code 8, the Utilities group, included any project if

the majority of the work involved utility systems. For exam-

ple, an air conditioning repair project in an operational
facility was coded as an "8", instead of a "1" for the
Operational and Training facilities group.

3. Number of Disciplines

This code was a count of the number of different en-
gineering disciplines involved in the project. The range

was from one to seven with the following distribution:

Code Number Percentage
1 7 2
2 70 23
3 52 17
4 590 17
5 5 17
6 37 12
7 32 11

4. Estimated Construction Cost (ECC)

The database was separated into nine different ranges

of estimated construction cost. These groups were used to
relate contracts of similar dollar value to determine the

effect of project scope.
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Range of ECC Number Percentage

Up to - § 50,000 38 13
$ 50,001 - 100,000 52 17
100,001 - 250,000 65 22
250,001 - 500,000 66 22
500,001 - 750,000 20 7
750,001 - 1,000,000 18 6
1,000,001 -~ 2,500,000 24 8
2,500,001 - 5,000,000 11 4
5,000,001 - And up 6 2 ‘

5. Lead Code
The engineer discipline which provided the most hours

was coded corresponding to the number on Appendix B.

Lead Code Number Percentage
l--Project Engineer 3 1
2--Architect 119 40
3=-=Structural 20 7
4--Mechanical 81 27
5-~Electrical 37 12
6~-~Civil 37 12
7-~Landscape 3 1
3 6. Location

The gecgraphical area of WESTNAVFACENGCOM was separa-

ted into six groups.

Code Location Number Percentage
1 Adak, Alaska 13 4
2 Washington/Oregon 39 13
3 Northern California 74 25
4 Los Angeles Area 84 28
5 San Diego Area 84 28
6 Yuma, Arizona 6 2

Codes 1 and 6, although with relatively small sample
sizes, were separated due to the remoteness of these areas.

The three geographical ENR Building Cost Indexes for the

WESTNAFVACENGCOM area combined these groups as follows:




(1) Seattle, Codes 1 and 2; (2) San Francisco, Code 3;

pr e

(3) Los Angeles, Codes 4, 5 and 6.

7. Open-Ended Contracts

b The breakdown of contracts awarded under the open-
ended contract provision compared to contracts of similar

scope which were not awarded as open-ended contracts is as

: | follows:
Number Percentage
: Open-Ended Contracts 107 36
! Not Open-Ended 193 64
‘ Not Open-Ended, but 104 54

under $40,000
3. Work Code

The work code separated the database into groups of

different types of work as follows:

Code Type of Work Number  Percentage
1 New Construction 89 30
2 Repair 95 32
3 Alteration, Expansion 75 25
i 4 Lquipment Installation 10 3
' 5 Retrofit 31 10
3 ! 9. Date

; The negotiation date of the contracts in the data-
base covered a thirty month time frame from January 1979 to
June 1981. On a quarterly basis, the contracts were distri-

buted as follows:

Quarter Midpoint Number Percentage
DEC 78 6 2
MAR 79 24 8
JUN 79 18 6
SEPT 79 30 10
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DEC 79 33 11

MAR 80 48 16
JUN 80 39 13
SEPT 80 42 14
DEC 80 27 9
MAR 81 33 11

C. ANALYTICAL COMPUTATIONS
1. General

Analytical computations of the database were struc-
tured to support the decision processes presented on figures
1 and 2. The analysis was separated into four areas: the
design section--Section A, engineering support--Section B,
construction support services--Section C, and by labor rates.
The analytical computations were first performed using the
entire database as one group of data. Then, the same com-
putations were done on each of the groupings of contracts
described in the previous section of this chapter. The q
sample size, average, and standard deviation were calculated
for each of the computations. An analysis of the results
for each of these groupings was conducted to determine ;

trends, similarities and differences.

2. Cost Adjustments

The level of effort for design work can be defined
by quantities such as the labor hours and number of drawings.
These levels of effort quantities would be constant for any

particular project, in that these measures would not change

over time for an identical project. Whereas, the impact

of time on cost needs no explanation. Therefore, any
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computation which involved cost and physical quantities was
adjusted to a constant dollar base. The ENR Building Cost
Index (BCI) was used as the economic adjustment £factor.
Appendix F displays the BCI for the three geographical areas
of WESTNAVFACENGCOM. A BCI of 303 (March 1980) was used as
the adjustment figure. This was the time period when the
BCI for all three areas was equal. Additionally, this time
period contained the largest proportion (16%) of the

database.
3. Section A

The following analytical computations were performed

for Section A:

a. The estimated construction cost was divided by the num-
ber of drawings to determine the amount of construction
cost presented on a drawing.

b. The total design cost was divided by the number of
drawings to determine the cost per drawing.

¢c. The number of drawings for each discipline was divided
by the total number of drawings to determine on a per-
centage basis, the separation of drawings by discipline.

4. The hours per drawing were determined £or the project
engineer and the six design disciplines, both profes-
sional and sub-professional, and a total for all de-
sign hours. Additionally, the hours per drawing for
the design support effort, the specifications writer,
cost estimator, and typist were determined. Finally,
sub-totals for the professional, sub-professional, and
grand total of all labor hours per drawing were
calculated.

e. The estimated construction cost was divided by two
totals of labor hours to determine the relationship
between estimated construction cost and labor hour
requirements. The two totals were the design hours
(professional and sub-professional) and the grand
total for all labor hours.
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Six percentages of labor hour ratios were computed as
follows: (1) professional design and (2} sub-
professional design to total design hours and (3) total
professional, (4) total sub-professional, (5) design
support, and (6) total design hours to the grand total
of all labor hours.

Ratios of professional design hours to the three totals
of design support (specifications writer, cost esti-
mator, and typist) hours were computed to determine

the required levels of design support. Additionally,
the ratio of specification writer hours to typist hours
was computed considering the close relation of these
two disciplines.

The average rates for overhead and profit were com-

puted as well as an average of the percentage of the
Section A total to estimated construction cost with

consideration for the 6% statutory limitations.

4. Section B

The following analytical computations were performed

for Section B:

a.

b.

An average cost was computed for the sub-surface inves-
tigations and topographic surveys sections.

The estimated construction cost was divided by the
number of man~days of field investigation to determine
the relationship between the two. Additionally, the
cost of field investigation was divided by the number
of man-days to determine a unit cost per man-day.

The cost of reproducing the drawings and specifica-
tions was divided by the number of drawings to deter-
mine the cost per drawing.

The cost of travel was computed as a percentage of
estimated construction cost.

The total for the "other special cost" was not used
due to the numerous different items included in the
sub-section. However, the four items most commonly
found as a special cost were project engineering docu-
mentation, conceptual studies, energy conservation
studies, and solar energy studies. An average amount
was computed for each.
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f. The total for Section B was computed as a percentage
of the estimated construction cost.

5. Section C

The following analytical computations were performed

for Section C:

a. The two totals of hours for shop drawing review, pro-
fessional and sub-professional, were divided by the
number of drawings to determine hours per drawing.

b. The two totals of hours for as-built drawing prepara-
tion, professional and sub-professional, were divided
by the number of drawings to determine hours per
drawing.

c. The total for Section C was computed as a percentage
of the estimated construction cost.

6. Labor Rates

An average for each labor rate was computed using
the entire database. Then, an average for each of the three
years (1979, 1980, 1981) was computed to determine the per-
centage of wage increase over those years. Additionally, an
average for each labor rate was computed for each of the six
geographical locations.

7. Analysis of Descriptive Factor Groupings

a. General
The analytical computations described in the
previous section were performed on the complete database.
Accordingly, the results from these computations defined
inferences particular to the complete database. While this
information may be quite beneficial to the EIC in developing

an estimate, information generated from computations which
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separate the contracts by descriptive factors, to be similar

to the project being estimated, would intuitively be more

relevant.
. Therefore, the next step of the analysis was to
perform all the analytical computations for each group of
descriptive factors separated by the various components of
each group, such as by codes and ranges of estimated con-
1 struction cost. As with the complete database, the sample
size, average, and standard deviation was calculated for
each computation,

With these three pieces of information for each
computation, the task was to determine if the various codes

within a group generated a statistical significant difference

within that grouping of contracts. For example, the ques-

tion to be answered, "Is the average amount of estimated
construction cost per drawing significantly different be-
tween the ten category codes of facilities?", or in other
words, "Does the type of facility have an impact on the
estimated construction cost per drawing?"

As mentioned earlier, not all combinations of

descriptive factors and analytical computation were con-

sidered to be relevant. The combinations that were tested

are shown in Appendix E.
Four methods were used to determine and present

the differences generated by descriptive factors. These
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methods included computing confidence intervals, performing
multiple contrast, tables of averages, and differences of
means.

b. Confidence Intervals

A confidence interval is an estimate that covers
a range of values distributed on both sides, plus or minus,
of a mean or average. With a predetermined level of con-
fidence, the interval can be constructed based on an average
plus or minus the sampling error [Ref. 39]. For the purposes
of this analysis, a confidence level of 95% was used. Ac-
cordingly, with the sample size, average, and sample standard
deviation a confidence interval can be constructed, such that
95% of the population values for a given computation will
fall within the range of values covered by that interval.

Confidence intervals were used to present the
ranges of plausible values for the analytical computations
that can be considered to be most subjective on the part of
the estimator. The information presented in this form will
allow comparison of ranges of values for different descrip-
tive factors.

Confidence intervals were used for the following
computations: Section A--the estimated construction cost
per drawing, cost per drawing, and the Section 4% of esti-
mated construction cost; Section B--The sub-surface investi-~
gation, topographic survey, estimated construction cost per

day of field investigation, and the Section B3% of estimated
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construction cost; Section C--the Section C% of estimated
construction cost.
c. Multiple Contrast

The technique of multiple contrast is a follow-
on of the analysis of variance. When the analysis of
variance indicates that one or more means in a group has
been determined to be significantly different from the
group, the multiple contrast will determine which mean(s)
are significantly different. For this analysis, the analy-
sis of variance will be omitted, assuming a difference does
exist, and go straight to the multiple constant technique.

The multiple contrast provides simultaneous con-
trast of all means with a group by constructing simultaneous
confidence intervals based on the F distribution. Addition-
ally, these confidence intervals are based on the pooled
variance of all entries in the group. {[Ref. 40]

The multiple contrast was used for those compu-
tations which may be effected by the descriptive factor but
are not as subjective as those presented by the confidence
intervals listed in the previous section. The multiple
contrast was used for the following computations: Section
A--the estimated construction cost divided by the two totals
of labor hours, the ratios of professional design hours to i
design support hours, and the overhead rate; Section B--the
cost of the field investigation per man-day, the cost of

reproductison per drawing, travel, and the four items of
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other special cost; Section C--the professional and sub-
professional hours per drawing for shop drawing review and
as-built drawing preparation.
d. Tables of Averages

The table format was used to present the averages
of computations which are fairly objective on the part of the
estimator. This format will be used for the hours per draw-
ing and the labor rates.

8. Open-Ended Contracts

The contracts awarded under the open-ended contract
provision will be compared to those not awarded as open-
ended but have a fee under $40,000 which is a requirement
for an open~ended contract. The comparison will be accom-
plished by the difference in two means technique. The tech-
nique involves constructing a confidence interval based on
the variances of the two values and added to or subtracted
from the difference in the two means. "No difference" of
the two means is concluded when zero is contained within the
confidence interval [Ref. 41]. A 95% confidence interval
will be computed for the difference in means for the Section
totals for A, B, and C as a percentage 0of estimated construc-

tion cost.

D. COST MODEL FORMULATION
Cost models applied to A&E contract estimation may be

beneficial to the EIC in determining "ballpark" totals to be
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used as a guide in developing detailed estimates. Addi-
tionally, cost models may be applied to the budgeting and
planning function for developing an annual A&E contracting
program. Accordingly, the model should be easy to use and
should be reliable.

At the point where design of a project is being con-
sidered, the estimated construction cost of the project has
been established. Therefore, it would be an appropriate
variable. Another variable, which can be defined at this
point, would be the number of different design disciplines
required for the design work. These two variables would
provide more definition to the particular project than esti-
mated construction cost alone.

Since a cost model would be used in a planning or guide-
line capacity, the values that the model is predicting
should be totals and/or significant sub-totals associated
with the contract. Accordingly, the six dependent variables
were as follows: the grand total fee of the A&E contract,
the totals for Sections A, B, and C, the total of profes-
sional design hours, and the number of drawings.

The multiple linear regression program (BMDP1lR) of the
Department of Biomathematics, University of California, Los
Angeles, installed on the computer facilities at the Naval
2~stgraduate School, was used to develop a cost model for

“aZ Iontract estimation.
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IV. COST ESTIMATION MODELS

A. SECTION A

1. Number and Cost of Drawings

The estimated construction cost divided by the num-
ber of drawings produced an average of $27,551 with a stand-
ard deviation of $23,019, which provided a confidence
interval of $24,946 to $30,155. Therefore, the required
number of drawings can be predicted by estimating one drawing
for each $24,946 to $30,155 of estimated construction cost.

The category code, range of estimated construction
cost, and work code were the three descriptive factors which
affected this average. The limits of the confidence inter-
vals for these factors are shown in Appendix G.

The total design cost divided by the number of
drawings produced an average of §1,370 with a standard
deviation of $945 which provided a confidence interval of
$1,263 to $1,476. Therefore, the total design cost (Section
A) can be predicted by estimating $1,263 to $1,476 for each
drawing.

The category code, range of estimated constructicn
cost, and work code were the three descriptive factors
which affected this average. The limits of the confidence

interval for these factors are shown in Appendix G.
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2. Drawings by Design Discipline

The number of drawings for each discipline divided
by the total number of drawings produced the following dis-

tribution by discipline on a percentage basis:

Design Discipline Percentage of Total Drawings
Architectural - 27%
Structural - 12%
Mechanical - 25%
Electrical - 21%
Civil - 13%
Landscape - 2%

The lead discipline was the descriptive factor which
affected the percentage of drawings by discipline. A table
of averages showing the distribution of drawings by lead
code is shown in Appendix G.

3. Hours Per Drawing

Five tables of averages for hours per drawing are
provided in Appoendix G. Each table also shows a confidence
interval for hours per drawing when all contracts were con-
sidered as one group. The five tables are for category
code, range of estimated construction, lead discipline code,
work code, and by number of disciplines.

4, Estimated Construction Cost Per Labor Hour

The estimated construction cost divided by the total
design hours produced an average of $652/hour with a stand-
ard deviation of $238, which provided a confidence interval
of $625 - $680 per hour. Therefore, the required number of

total design hours (professional and sub-professional) can
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be predicted by estimating one design hour for each $625 to
$680 of estimated construction cost.
Additicnally, the estimated construction cost di-

vided by the total labor hours produced an average of $486/

hour with a standard deviation of $174, which provided a
confidence interval of $466 to $505 per hour. Therefore,

# the required number of total labor hours can be predicted by
; 1 estimating one labor hour for each $466 to $505 of estimated
I construction cost.

Category codes, rances of estimated construction
cost, and work codes were the descriptive factors which
affected the estimated construction cost per labor hour
computations. Confidence intervals for these factors are

arovided in Appendix G.

-

5. Labor Ratios

a. Design Hours--Professional/Sub~Professional !

The average percentage of separation for design

2 At AR AL i

hours into professional and subprofessional is 44% and 56%

L S

respectively, with an equal standard deviation of 14%. Con-

fidence intervals for these computations were:

Professional Design 42% to 46%
Sub-Professional Design 34% to 58% A

The multiple contrast technique indicated no difference in
these averages due to category code or ranges of estimated
| construction cost. However, the multiple contrast by lead

code indicated different averages (53%~-professional, 47%--
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sub-professional) when the structural discipline was the
lead code. The confidence interval for lead code 3 is as
follows:

Professional Design 46% to 59%
Sub-Professional Design 41% to 54%

b. Total Hours--Professional/Sub-Professional
The average percentage of separation for total
labor hours into professional and sub-professional is 49%
and 51% respectively, with an equal standard deviation of
12%. Confidence intervals for these computations were:

Professional 48% to 50%
Sub-Professional 0% to 52%

Again, the different significant descriptive factor was the

lead code for structural projects (57%--professional, 43%~-

sub~-professional). The confidence interval for lead code 3

is as follows:

Professional 52% to 62%
Sub~Professional 38% to 48%

c. Design/Design Support

The average percentage of separation for total
hours into design and design support is 81% and 19% respec~
tively, with an equal standard deviation of 12%. Confidence
intervals for these computaticns were:

Design 80% to 82%
Design Support 18% to 20%

The upper and lower ranges of estimated construction cost

| were the factors affecting this computation. When the esti~

’ mated construction cost was under $50,000, the average
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separation was 72% and 28%. When the estimated construction

cost was over $5,000,000, the average separation was 87% and
13%. Confidence intervals for these exceptions are as
follows:

ECC under $50,000

Design 67% to 76%
Design Support 24% to 33%

ECC over §$5,000,000

Design 82% to 92%
Design Support 8% to 138%

6. Design Support Hours

a. Specification Writer

The hours for professional design divided by the
hours for the specifications writer produced an average of
5 with a standard deviation of 4, which provided a confi-
dence interval of 4 to 6 hours. Therefore, the hours for
the specifications writer can be predicted by estimating one
hour for every 4 to 5 hours of professional design.

The estimated construction cost of projects over
$1,000,000 affected this computation. An average of 8 hours
with a standard deviation of 5 resulted in a confidence
interval of 6 to 10 hours.

b. Cost Estimator

The hours for professional design divided by the
hours for the cost estimator produced an average of 6 with a
standard deviation of 4, which provided a confidence inter-

val of 5 to 7 hours. Therefore, the hours for the cost
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estimator can be predicted by estimating one hour for every
5 to 7 hours of professional design.

As with the specifications writer, the descrip-
tive factor affecting this computation was the estimated
construction cost. When estimated construction cost was
under $50,000, the average was 4 and when over §$1,000,000,
the average was 10. Confidence intervals for these factors
are as follows:

ECC under $50,000
Professional design per cost estimator: 3 to 5
ECC over $1,006;000
Professional design per cost estimator: 8 to 12
c. Typist

The hours for professional design divided by the
hours for the typist produced an average of 6 with a stand-
ard deviation of 6, which provided a confidence interval of
5 to 7 hours. Therefore, the hours for the typist can be
predicted by estimating one hour for every 5 to 7 hours of
professional design.

The estimated construction cost had an impact
on this computation. For projects under $250,000, the
average was 4 and projects over $5,000,000 the average was
19. Confidence intervals for these exceptions are as

follows:

88

0
! % e




Professional design per typist

ECC under $250,000: 3 to 5
ECC over $5,000,000: 7 to 30

d. Specifications Writer/Typist
The hours for the specifications writer divided
by the typist produced an average of 1 with a standard de-~
viation of 1. This relationship is best described as a 1
to 1 ratio between these two disciplines. However, for con-
struction projects larger than $750,000, the ratio was 2
specification writer hours to 1 typist hour.
7. Overhead
The average overhead rate was 104% with a standard

deviation of 14% which provided a confidence interval of

102% to 106%. The average overhead was affected by three ‘
descriptive factors: number of disciplines, location, and
lead discipline code.

When only one discipline was required for the con-
tract, the overhead was lower with an average of 95%. The i
confidence interval for this average was from 90% to 100%.

One location significantly affected the overhead
which was Adak, Alaska with an average overhead of 118%,
with a confidence interval from 105% to 130%.

The lead discipline code resulted in three signifi-

cantly different overhead rates, one lower and two higher.
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Wher the lead code was mechanical, the average over-
head was 100%. This provided a confidence interval from 98%
to 102%.

Structural and civil engineering projects had higher
overhead rates, 116% and 117% respectively. Confidence
intervals for these rates are as follows:

Structural: 105% to 126%
Civil: 110% to 124%

8. Profit
The profit rate was 10% throughout all descriptive
factors, except for projects where the lead discipline was
the project engineer or structural engineer. These projects
had an average of 11% for profit.

9, Section A Percent of ECC

The total for Section A divided by the estimated
construction cost produced an average of 5.39% with a stand-
ard deviation of .85%. This provided a confidence interval
of 5.29% to 5.48%. The limits of confidence intervals when
separated by category codes, estimated construction cost,

and work codes are shown in Appendix G.

8. SECTION B

1. Sub-Surface Investigations

The average amount negotiated for sub-surface inves-
tigation was $3,862 with a standard deviation of $2,919,
which provided a confidence interval from $3,195 to $4,528.

As a percentage of estimated construction cest, the interval
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was from 0.54% to 0.36%, Confidence intervals and average
percentages of estimated construction cost negotiated for
sub-surface investigation broken down by range of estimated
construction cost and work code are shown in Apmendix H.

2. Topographic Survey

The average amount negotiated for topographic survey
was $3,994 with a standard deviation of $3,945, which pro-
vided a confidence interval of $3,945°'to $4,735. As a per-
centage of estimated construction cost, the interval was
from 0.96% to 1.83%. Confidence intervals and average per-
centages of estimated construction cost are shown in Appendix
H.

3. Field Investigations

The estimated construction cost divided by the num-
ber of man-days of field investigation produced an average
of $59,407/man-day with a standard deviation of $154,843,
which provided a confidence interval of $41,766 to $77,047
per man-day. Therefore, the required number of man-days of
field investigation can be predicted by estimating one man-
day of field investigation for every $41,766 to $77,047 of
estimated construction cost.

Category codes, ranges of estimated constructicn
cost, and work codes were the descriptive factors which
affected this computation. Confidence intervals for these

factors are shown in Appendix H.
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The average cost per man-day of field investigation
was $271 with a standard deviation of $107, which provided
a confidence interval of $258 to $283 per man-day. The
multiple contrast was computed for the work codes, location,
and lead codes. There was no difference amongst the averages

for the five work codes. However, location did affect aver-

age cost. The average for Adak was higher at $470 per man-
;l day and Yuma was lower at $230. Additionally, projects with
! a lead code of "1", project engineer, was a higher average
at $357 per man-day. Confidence intervals for these excep-

tions are as follows:

f
: Location Code
f Adak: $222 to $718
: Yuma: $202 to $£258
? Lead Code

Project Engineer: $280 to $434

4., Reproduction Cost

The cost of reproduction for the plans and specifi-
cations divided by the number of drawings produced an
average of $69 per drawing with a standard deviation of $47,
which provided a confidence interval of $63 to $74 per draw-~
ing. Therefore, the cost for reproduction can be predicted
by estimating $63 to $74 per drawing. The multiple contrast
comparison for location indicated two exceptions. Thea

average cost for Adak per drawing was $88 and $82 for
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Location Code 2, Washington and Oregon area. Confidence
intervals for these two locations are as follows:

Adak: $61 to $115
Washington/Oregon: $60 to $107

5. Travel
The cost of travel computed as a percentage of esti-

mated construction cost produced an average of 0.4% with a
standard deviation of 0.6% which provided a confidence inter-
val of 0.31% to 0.48%. The multiple contrast for location
indicated one exception: Adak. The average for travel to
this location was 1.0% of the estimated construction cost
with a confidence interval of .5% to 1.5%.

6. Other Special Costs

a. Project Engineering Documentation (PED)

The average amount for PED was $3,212 with a
standard deviation of $1,805, which produced a confidence
interval of $2,688 to $3,735. PED cost computed as a per-
centage of estimated construction cost produced an average
of 0.6% with a standard deviation of 0.6%, for a confidence
interval of 0.42% to 0.77%. Multiple contrast for location

and range of estimated construction cost did not indicate

any exceptions.
b. Conceptual Studies
The average amount for conceptual studies was
$9,664 with a standard deviation of $9,236, which provided a

confidence interval of $5,851 to $13,476. The cost of
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conceptual studies computed as a percentage of estimated
construction cost produced an average of 0.8% with a stand-
ard deviation of 0.6% for a confidence interval of 0.55% to
1.04%. Multiple contrast for location and range of estimated
cost did not indicate any exceptions.
¢c. Energy Conservation Studies

The average amount for energy conservation
studies was $3,949 with a standard deviation of $2,257,
which provided a confidence interval of $2,892 to $5,005.
The cost of these studies computed as a percentage of esti-
mated construction cost produced an average of 0.3% with a
standard deviation of 0.2% for a confidence interval of 0.2%
to 0.4%. Multiple contrast for location and range of esti-
mated construction cost did not indicate any exceptions.

d. Solar Energy Studies

The average amount for solar energy studies was
$2,464 with a standard deviation of $1,585 which provided a
confidence interval of $1,675 to $3,253. The cost of these
studies computed as a percentage of estimated construction
cost produced an average of 0.2% with a standard deviation
of 0.2% for a confidence interval of 0.1% to 0.3%. Multi-
ple contrast for location and range of estimated construction
cost did not indicate any exceptions.

7. Section B Percent of ECC

The total for Section B divided by the estimated

construction cost produced an average of 3.92% with a
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standard deviation of 3.98%. This provided a confidence
interval of 3.46% to 4.37%. The limits of confidence inter-
vals when separated by category codes, estimated construc-

tion cost, and work codes are shown in Appendix H.

C. SECTION C

1. Shop Drawings and Office Consultation

The hours for shop drawing review and office consul-
tation divided by the number of drawings produced averages
of 2.7 hours per drawing and 1.6 hours per drawing, profes-
sional and sub-professional respectively, with standard

deviations of 2.0 and 1.0. Confidence intervals are as

follows:
Professional: 2.4 to 2.9 Hours/Drawing
Sub-Professional: 1.4 to 1.8 Hours/Drawing

Multiple contrast comparisons were computed for

category codes, lead codes, and work codes. The following

averages were exceptions:

Average Confidence Interval

Professional

Work Code 5--Retrofit 1.5 1.0 to 2.0

Sub-Professional

Lead Code 5--Electrical 1.2 0.97 +o
Lead Code 6--Civil 1.2 0.8 to

-
[o 2" S

2 As-Builts Drawing Preparation

- .

The hours for as-built drawing preparation divided

oy the number of drawings produced averages of 1.0 hours ger
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drawing and 1.9 hours per drawing, professional and sub-
professional respectively, with standard deviations of 0.8
and 1.3. Confidence intervals are as follows:

Professional: .9 to 1.1 Hours/Drawing
Sub-Professional: 1.7 to 2.1 Hours/Drawing

Multiple contrast comparisons were compared for
category codes, lead codes, and work codes. The following

averages were exceptions:

Confidence
Average Interval
Professional
Lead Code 3--Structural 1.7 0.9 to 2.6
Lead Code 5--Electrical .7 0.6 to 0.9
Sub-Professional
Lead Code 3--Structural 2.9 1.8 to 4.0

3, Section C Percent of ECC

The total for Section C divided by the estimated
construction cost produced an average of 0.9% with a standard
deviation of 0.6%. This provided a confidence interval of
0.8% to 1.0%. The limits of confidence intervals when sepa-
rated by category code, lead code, and work codes are shown
in Appendix I. Additionally the average for each range of |

estimated construction cost is provided.

D. LABOR RATES !

1. Labor Rate Increase

The average labor rate for each discipline by vear

i3 shown in Appendix J, as well as the yearly increase in




those rates. Usingacomposite labor rate of all profes-
sional disciplines, an average increase of 3.8% was realized
from 1979 to 1980. For the first six months of 1981, there
was an increase of 5.2%. Likewise, there was an average
increase of 3.6% in labor rates for the sub-professional
disciplines from 1979 to 1980, and for the first six months
of 1981, the increase was 5.1%.

2. Labor Rates by Location

A separation of labor rates by location is provided
in Appendix J. A comparison of the average rate by location
to the average for all contracts indicates that the rates
for projects in Adak, Alaska are substantially higher, while
the rates for the Yuma, Arizona projects are lower. The
rates for the other locations are much closer to the average

for all contracts.

E. OPEN-ENDED CONTRACTS

1. Number of Awards

There were 107 open-ended contracts included in the
database or 36% of the total. Likewise, there were 104
contracts which were not open-ended, but with a grand total
fee under $40,000. Contracts under $40,000 can be awarded
under the open-ended contract provision, provided the other
gqualifying requirements are met. Accordingly, if desired or
directed by policy, there were enough contracts under the

$40,000 limit to shift the open-ended awards from 36% to 70%
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of all A&E contracts. Increasing the awards of open-ended

contracts would be advantageous given the shorter lead time
to award additional projects as change orders.

2. Cost Comparisons

Using the statistical technique, "difference of two
means," the totals for Sections A, B, and C computed as a
percentage of estimated construction cost for open-ended
contracts were compared to those not awarded as open-ended,
but under $40,000.

The confidence interval for the difference between
Section A totals ranged from -0.036% to 0.376%. Since the
"zero" value was included in the interval, there is statisti-
cally no difference between the average of 5.62% for open-
ended contracts and the average of 5.45% for similar
contracts, not open-ended, for the Section A total.

The confidence interval for the difference between
Section B totals ranged from 0.62% to 2.3%. Accordingly,
the open-end contract average of 4.79% for Section B is
statistically higher than the average of 3.3% for similar
contracts, not open-ended.

The confidence interval for the difference between
Section C totals ranged from .013% to ?77%. As with Sec-
tion B, the open-ended contract average . 1.1% for Section

C is statistically higher than the average of 0.9% for simi-

lar contracts, not open-ended.




Although the totals for Sections B and C are statis-
tically higher for open-ended contracts, the difference is
not significant in that the total percentage for B and C
combined is approximately the same as Section A alone.
Additionally, the cost of selection process is avoided by
negotiating change orders with the same firm for additional
projects as opposed to negotiating with a different ASE
firm for each project. Therefore, given the cost for the
two groups of contracts are similar and the advantages such
as reduced lead time for awards, retention of high quality
A&E firms for additional work, and reduced administrative
cost, an increase in the use of the open-ended A&E contract

provision is a viable alternative.

F. REGRESSION COST MODELS

1. Multicollinearity

Six cost models were developed using the estimated

construction cost and number of design disciplines as the
independent variables. The condition of multicollinearity
between the two independent variables was not considered
significant in that the correlation factor for these two
variables was 0.4333, As such, the effect of a change in
either variable on the dependent variable can be considered
separately. This is intuitively predictable in that con-
struction projects may have a relatively high cost while

only requiring two or three design disciplines or a relatively




smaller project may require four or five design disciplines.
In other words, the two variables are not necessarily re-
lated to each other.

2. Reliability of the Regression Equation

Three measures of reliability or exactness of fit
are provided for each of the models. The coefficient of
multiple determination, r2, is an indication of the exact-
ness of fit of the regression equation. A value of "1" is
a perfect fit and "O0" would indicate there is no relation
between the independent and dependent variables.

The standard error of estimate, SEE, is the standard
deviation of the dependent variable. The measure is based
on the difference between the observed value of the depend-
ent variable to the predicted value provided by the regres-

sion equation.

The F ratio is a measures of the variance explained
by the regression divided by the unexplained variance. The
F ratio is used in hypothesis testing. The hypothesis test
would be to reject the null hypothesis that the variance is
not explained by the regression. The prob-value, p, of the
null hypothesis is the criteria for rejecting or not rejec-
ting the hypothesis. Again using the 95% confidence level,
a prob-value larger than 0.05 would indicate that the null
hypothesis cannot be rejected meaning the regression is not
explaining the variance. Therefore, with the computed F

statistic and the corresponding prob-value, the hypothesis
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testing can determine if the regressors (independent varia-

bles) are affecting the dependent variable. [Ref. 42]

As shown in the next section, the regressions pro-
duced models which can be considered reliable for cost esti-
mation. The coefficient of multiple determination, rz, was
.7 or better for all models except for the Section B equa-
tion with a value of 0.49. This exception can be explained
due to the numerous and different items of work that can be
included in Section B. The F ratios were all very high
which produced prob-values of 0.000. This indicates that
the null hypothesis can be rejected for all equations,
meaning that a significant portion of the variance for the
dependent variable is explained by the regressions.

3. Regression Equations

a. Grand Total Fee
The grand total fee for the A&E contract can be

predicted by:

Grand Total Fee = -3965.6 + .0532 (ECC) + 3985.3 (No. of
Disciplines)

r2 = .9253 SEE = $17,485

F ratio = 1840.6 p = 0.000

b. Section A Total
The total for design services can be predicted
by:

Section A = -3804.3 + .0421 (ECC) + 1788.4 (No. of
Disciplines)
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r2 = .9520 SEE
F ratio = 2943.5 P

$10,680
0.000

c. Section B Total

The total for engineering services can be pre-

dicted by:
Section B = =60.7 + .0092 (ECC) + 1842.3 (No. of
Disciplines)
r? = .4913 SEE = $11,992
F ratio = 143.4 p = 0.000

d. Section C Total

The toal for construction contract support ser-

vices can be predicted by:

Section C = -719.0 + .0043 (ECC) + 428.8 (No. of

Disciplines)
r2 = .7718 SEE = $2,229
F ratio = 417.7 p = 0.000

e. Professional Design Hours (PDH)
The total labor hours for professional design
be predicted by:
PDH = -17.7 + .0006 (ECC) + 10.7 (No. of Disciplines)

r® = .8806 SEE

F ratio = 1094.7 P

245 hours
0.000

£. Number of Drawings (ND)

The total number of drawings can be predicted

by:
ND = 1.14 + .000014 (ECC) + 2.13 (No. of Disciplines)
r® = .7028 SEE = 11 drawings
F ratio = 351.2 p = 0.000
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V. APPLICATION OF THE DECISION PROCESS

A. GENERAL

1. Developing Estimates

The decision process and decision support approach
to the cost estimation of A&E contracts should be applied as
a supplement to and not as a substitute for the EIC's judg-
ment and experience. This is a fundamental concept of deci-
sion support, in that the system should provide the means
and not the ends for decision making. The information pro-
vided by this system is significant in that it is based on
the judgment and experience of previous decisions very simi-
lar to the decisions currently necessary to develop an
estimate. However, there has never been a construction
project that was identical to another in all respects. The
unigqueness of construction projects and consequently the
design requirements reinforce the requirement for judgment
as a major factor in the design estimation process. As
such, the method an EIC may choose to apply the findings of
the A&E contract database will no doubt be individualized,
as they well should be.

The estimation worksheets included in Appendix K
present one irethod of application. These forms are designed
to serve as a transition from the findings presented in

Chapter 4 to the A&E Fee Itemization form, Appendix B. The
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worksheets provide equations to compute the values for key
components of the estimate based on information derived from
the database.

2. Cost Adjustments

The findings presented in Chapter 4 should be in-
sensitive to time due to the cost adjustment factor built

into the database, the Engineering News Record, Building Cost

Index. As such, Section II of Appendix K provides the means
to compute the cost adjustment needed by dividing the cur-
rent BCI by the BCI of 303, on which the database was con-
structed. This adjustment factor multiplied by the various
cost per unit quantities will keep pricing information up-
to-date. Additionally, the findings of this thesis research
could very well be applied at activities outside of the
WESTNAVFACENGCOM area by using the current BCI for the given
geographical location.

3. Confidence Interval Interpretation

The results of many analytical computations were
presented as confidence intervals. This technique was chosen
for those computations which involved much subjectivity.
Additionally, when the confidence interval technique was
used, the computation results were provided for three dif-
ferent descriptive factors. As such, applying this informa-
tion to a different estimate is an example of the requirement

for judgment on the part of the EIC in the decision process.
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The method of application used in the work sheets

is a high-low technique involving three steps: (1) fill in
the code for the descriptive factor and the upper and lower
limit for each confidence interval, (2) then annotate the
smallest of the lower limits and the largest of the upper
limits, and (3) compute an average of these two. This tech-
nique is rather simple and does consider the complete range
of values for all descriptive factors which defined the
current project. However, the judgment of the EIC may con-
clude that not all descriptive factors are pertinent and
that only one or two best reflect the project currently
being estimated.

4. Scoping Estimates

The purpose of a scoping estimate is to give the EIC
an idea of approximate cost, a "ballpark" figure, or a point
of departure in computing a detailed estimate. From the
findings in Chapter 4 and by the techniques presented in
the estimation worksheets, scoping estimates can be prepared
in two methods: (1) using the regression models and (2) by
the percentage of estimated construction cost influenced by
descriptive factors. The results of the two methods will
invariably be different, which will give an upper and lower
range of possible values. These two methods are applicable
for the totals of Sections A, 3, and C. Additionally, a
scoping estimate for Section A may be computed by the car-

tooning method, determine the number of drawings extended by
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the cost per drawing. The regression model is the method
for computing scoping estimates for the grand total fee
(Section I, Appendix K). This model may also be applied in
the planning stages for an A&E design budget.

5. Detailed Analysis Method

Given the requirement to develop A&E estimates by
detailed analysis, the emphasis of the decision support ap-
plication is directed towards computing the components of
each section. As such, each section will be addressed

separately.

B. DETAILED ANALYSIS PROCEDURES
1. Section A

The detailed analysis method identifies all require-
ments for design services in terms of labor hours. However,
the quantity that needs to be computed first is the number
of drawings. Two methods are provided to accomplish this
computation: the regression model and by estimated construc-
tion cost per drawing. These methods are presented in Sec-
tion III A of Appendix K. Then, the labor hours can be
computed by the first two steps presented in Section III C
of Appendix K: (1) the total number of drawings are sepa-
rated by discipline and (2) the hours per drawing for each
discipline are extended by the number of drawings to derive

total hours.
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Labor hours can also be computed based on the esti-
mated construction cost method and by regression models as
shown in Section III.C.3, 4, and 5. These totals will serve
as "check" figures to the totals computed based on the num-
ber of drawings. Any additional labor identified will be
those design hours which are not explicitly presented on a
drawing.

The three labor ratios computed in Section III.C.6
of Appendix K will also serve as a "check" figure to ensure
a proper distribution of different labor hour totals.

The labor hours for the three disciplines which con-
stitute design support can be computed as a function of
professional design hours. Again, these methods, Section
III.C.7, of Appendix K, provide an alternative means of
labor hour computations to the number of drawings method.

Once the required hours for each discipline is de~-
termined, the cost for Section A can be computed by applying
labor (Appendix J), overhead and profit rates (Section III.C,
8 and 9 of Appendix K).

2. Section B

Estimating the cost for engineering support is fairly
straightforward in that Section B is comprised of six dif-
ferent sub-~totals, as shown on figure 2. The EIC must de-
termine which of the six components are required for the
project and estimate the cost separately for each fo include

all labor, egquipment, overhead, profit, etc.
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The amounts for sub-surface investigation and topo-
graphic survey are estimated by a similar procedure. The
range of estimated construction cost and work code were the
factors affecting these two estimates. Accordingly, con-
fidence intervals for these two (Section IV.B.l and 2 of
Appendix K) provide upper and lower limits on total amounts.
As with Section A computations, the EIC must determine the
amount based on these two ranges of values.

The cost for field investigations involves two
steps. First, the number of man-days must be determined,
then the cost per man-day to derive a total. Computing the
man-days was based on the estimated construction cost and
the confidence intervals in Section IV.B.3 of Appendix K
represent the amount of construction cost per man-day. By
averaging the three intervals, a man-day estimate can be
computed. The cost per man-day was based on the complete
database with exceptions noted by location.

The cost for reproduction (Section IV.B.4 of Appendix
K) can be estimated by extending the number of drawings by
the cost per drawing. At this point, the number of drawings
has been determined. The cost per drawing was determined by
confidence intervals on the complete database with exceptions
noted by location.

Estimates for other special costs are limited to
project engineering documentation, conceptual studies,

energy conservation studies, and solar energy studies
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(Section IV.B.5 of Appendix K). Estimates for each of these
can be computed as a percentage of estimated construction
cost, then compared to the confidence interval computed by
total amount to provide a "check"” figure.

Travel was computed as a percentage of estimated

construction cost and presented as a confidence interval

(Section 1IV.B.6 of Appendix K). The confidence interval
{ was based on the completed database with one exception by
location.
3. Section C

The detailed analysis method for Section C, Construc-
tion Contract Support Services, involves determining the
labor hours for each of the four sub-totals of the section:
Shop Drawings--professional and sub-professional, and as~
Built Preparation--professional and sub-professional (Section
V.B.1l, 2, 3 and 4). The labor hours for each sub-total is
computed as a function of the number of drawings. The hours
per drawing for each sub-total is presented as a confidence

interval based on the complete database with exceptions as

noted. With the four sub-totals of labor determined, the
total for Section C is computed by applying the labor, over-

head, and profit rates.
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C. DECISION SUPPORT TEST CASES
1. General
Test cases of the decision process and decision sup-
port approach were accomplished by applying the system to
A&E contracts not included in the database. The step-by-
step procedures outlined in Appendix K were followed for
three test cases. The results of each test case are pre-
sented in Appendix L. The results are presented in summary
form showing key components for the government estimate, the
negotiated price, and the estimate generated by the proce-
dures of Appendix K. Additionally, the results for the
scoping estimate techniques are shown as well as estimates
computed by the detailed analysis method.
2. Test Cases
a. Test Case No. 1

This contract was for the rehab of the consoli-
dated open mess in Adak, Alaska. The estimated construction
cost was $200,000 and the A&E contract was negotiated in
June 1981.

The scoping estimate techniques were accurate
for this test case as computed values closely represented
the negotiated price. However, the regression mcdel for
professional design hours predicted a much larger quantity
of labor hours.

The detailed analysis method was very accurate

in that the predicted value for the grand total fee was
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within 7% of the negotiated price. An analysis of each
section indicates that Section B was lower than the nego-
tiated price due mainly to a difference in field investiga-
tion. Section C was lower in total price, but the labor
hours estimates were higher. Likewise, the labor estimates
in Section A were larger than both the government estimate
and the negotiated price. However, when the labor hours
were extended by labor rates with overhead and profit ap-
plied, the computed total exceeded the 6% limitation.
Therefore, the estimate for Section A was capped at $12,000.
Given this situation, it can be concluded that this test
case demonstrates the effect of the 6% limitation, reducing
the labor hours needed for design services. This conclusion
is also supported by the general characteristics of this
project: relatively small in scope, in a remote area, and
a rehab project, which may have construction requirements
unidentifiable in the design stage.
b. Test Case No. 2

This contract was for a road repair project in
the San Diego area. The estimated construction cost was
$637,000 and the A&E contract was negotiated in July 1981.

The scoping estimates for this contract were not
as accurate as in test case number one. The grand total fee
estimate was significantly lower than the government estimate
and the negotiated total. However, the three Section A esti-

mates were all accurate while being within 14% of the
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negotiated total. The two techniques for Section B were
quite divergent. Likewise, the two Section C estimates were
widely spread and both higher than the negotiated figure.

In this test case, all regression model estimates were the
lowest and the highest were computed by the percentage of
estimated construction cost method.

The detailed analysis method provided an excel-
lent estimation of the grand total fee and was within 8% of
the negotiated total. The labor hours estimates of Section
A were representative of the negotiated values with slightly
more professional hours and less sub-professional hours.
Additionally, there were more hours estimated for design
support and less for design. <Comparing the estimates for
Section B indicated mixed results. Field investigation and
reproduction cost were higher with travel extremely too
high. Additionally, topographic survey costs were estimated
too low. The hours for Section C were all higher than the
negotiated figure with total cost significantly higher. The
grand total fee for this case was estimated quite accurately
as was the Section A, design services. However, the bottom-
line accuracy of this contract was the result of higher and
lower estimates of each section ocffsetting each other.

While the higher amount of Section C did not significantly
affect the total, Section B needs emphasis on this test case.
The range of values for these components varied greatly as

did the scoping estimates. This again emphasizes the

112

.
e e e e ) R P = p -
N K LR e e - ‘e " - e LT




importance of judgment on the part of the EIC to inject
proper interpretation of the numbers. For example, this
contract was for road repairs and as such, topographic
survey would intuitively be a major component of the A&E
contract. However, the decision support information did not
provide a sufficient total for this component when applied
simply as an average of confidence intervals. This situa-
tion demonstrates thie necessity of using the system as a
means of decision making and not the decision itself.

c. Test Case No. 3

This contract was for the construction of a new
applied instruction building in the San Diego area. The
estimated construction cost was $280,000 and the A&E con-
tract was negotiated in May 1981.

The scoping estimates for this contract were
higher than the negotiated totals. As opposed to test case
number two, the regression models generated the larger
estimates, while the estimates based on estimated construc-
tion cost were the smaller of the two. Again, of all
scoping estimates, the methods for computing Section A were

the most accurate.

The detailed analysis estimate for grand total
fee was within 2% of the negotiated fee. This close estimate
is also reflected in each of the three sections as all esti-
mates were accurate. The total for Section A was capped at

6% of estimated construction cost similar to the discussion
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in test case number one. The components for Section B
totaled within 6% of the negotiated total, while the number
of man~days of field investigation was significantly dif-
ferent. There were 27 additional labor hours for Section C,

which is reflected in the higher estimate for those services.

D. SUMMARY OF TEST CASES

The effectiveness of the scoping estimates covered all
possibilities for these three test cases in that for one
contract the estimates were low, another the estimates were
high, and another with the estimates very close to the
negotiated price. However, the best estimates were predicted
for the Section A total. This was expected given the very
high r2 value, .9520, of the regression cost model for Sec-

tion A. Additionally, the two methods for number of drawings

and professional design hours generated reliable estimates.

The detailed analysis method was very accurate for Sec-
tion A. However, the method tended to estimate a higher
number of labor hours. The one component that stood out as
different in Section B was the number of man-days of field
investigation and detailed analysis method for Section C
consistently estimated a higher number of labor hours, simi-
lar to Section A. The detailed analysis method was very

accurate in estimating the grand total fee with all esti-

mates being within 8% of the negotiated total.




VI. SUMMARY AND CONCLUSIONS

A. SUMMARY

The position of the Department of Defense and Naval
Facilities Engineering Command has been established in sup-
port of the Brook's Bill method of business for A&E con-
tracting. With the emphasis on procurement of quality
construction design through technical competition and nego-

tiation vice obtaining these services through price competi-

tion, the responsibility for stewardship of public funds

becomes particularly sensitive. While there have been no

scandals or investigations of "wrong doings" on the part of

the Navy, opponents of the Brook's Bill are keeping a vigil
watch on these procurements and practices. As such, it is

! imperative that established contracting procedures be fol-

lowed explicitly and executed in an "above reproach" method.
As discussed in Chapter I, the importance of an accurate
government estimate in negotiated procurements cannot be
overemphasized. Therefore, the motivating idea behind this
thesis research was to strengthen the technical competition

procurement procedures by developing more effective govern-

ment estimates. The implementation of this idea was directed
towards utilizing the "corporate memory" as a viable re-
source in developing estimates. There has been an under-

utilization of this wvaluable resource due to a lack of an
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organized database. Once the database has been constructed,
there is seemingly an endless number of analytically de-
rived or retrieved pieces of information available from the

data.

B. CONCLUSIONS

The decision process and decision support approach to
A&E contract cost estimation is effective. As demonstrated
by the test cases, the objectives of this approach were
achieved in that estimates which more accurately predicted
the negotiated contract ¢ #;c were derived. Additionally, a
greater level of cart:idc+ in the accuracy of the estimates
was achieved by havi«4 =xe support of a database of empiri-
cal information. Other cbjectives were achieved in that the
structure of the detision process provides the means for an
organization to use a consistent estimation methodology,
pricing information remains current due to the cost index,
and relationships between the various components of the fee

itemization have been defined for cost estimating,

C. FUTURE RESEARCH

There are many possibilities for future research that
can build upon this thesis. The decision process could be
refined by the results of a formal questionnaire to the EICs
of all Engineering Field Divisions. Accordingly, modifica-
tions to the decision process will identify different analy-

tical computations to support the process. The cost
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estimation models generated by the multiple regression pro-
gram could be improved by more detail in the analysis of
residuals to determine the descriptive factors of those con-
tracts causing the largest deviations. Different cost in-

dexes could be applied to the cost per unit quantities to

determine if cost projections can be improved. Additionally,
the research could be expanded by adding more contracts to
? the database, perhaps to include all Engineering Field

Divisions.
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APPENDIX A

P THE ENGINEERING FIELD DIVISIONS OF NAVFAC

Commanding Officer

Northern Division

Naval Facilities Engineering Command
Philadelphia, PA 19112

Commanding Officer

Chesapeake Division

Naval Facilities Engineering Command
Washington Navy Yard

Washington, DC 20374

i Commander

b Atlantic Division

Naval Facilities Engineering Command
U.S. Naval Base

Norfolk, VA 23511

i Commanding Officer

| Southern Division

‘ Naval Facilities Engineering Command
P.0O. Box 10068

: Charleston, SC 29411

Commanding Officer
] Western Division
Naval Facilities Engineering Command
P.0. Box 727
San Bruno, CA 94066

Commander

4 Pacific Division
Naval Facilities Engineering Command
Pearl Harbor, HI 96860
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APPENDIX B

&8 FEE ITEMIZATION
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APPENDIX C

LISTING OF "OTHER SPECIAL COST" ITEMS

Project Engineering Documentation (PED)
Conceptual Studies

Energy Conservation Studies
Solar Energy Studies

Soil Analysis

System Testing

Engineering Studies and Report
Aerial Survey

Photographic Cost

Preparation of 1390/1391
Interior Design Packages
Models

Accoustical Studies

System Cost Estimates
Government Furnished Equipment Coordination
Presentations

Computer Time

Environmental Protection Studies
Economic Analysis

Planning Reports

Lab Analysis

Seismic Studies

Water Analysis

Cathodic Testing/Protection Studies
Operation Manuals

Mail

Structural Analysis

Demolition Phasing Studies
Facility Studies

Screen Photo Mylar

Tank Inspections

System Safety Analysis

Kitchen Consultant

Planimetric Survey

Buoyancy, Lift, Trim Test
Color Sketches

Blast Investigations

Fire Pump Study

Water Pump Study

Program Study

Conferences

Project Support Documentation
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1978
DEC

1979
MAR
JUNE
SEPT
DEC

1980
MAR
JUNE
SEPT
DEC

1981
MAR
APR
MAY

JUNE
JULY
AUG
SEPT
OoCT

ENGINEERING NEWS RECORD, BUILDING COST INDEX

APPENDIX F

Percentage San
of Contracts Los Angeles Francisco Seattle
2 286 261 279
8 281 274 280
6 283 274 290
10 311 290 306
11 300 299 300
16 303 303 303
13 306 313 287
14 326 312 325
9 330 324 328
11 327 328 330
327 332 333
326 332 333
326 331 327
327 336 336
328 340 347
350 340 347
348 339 346
125
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APPENDIX G

SECTION -A- FINDINGS

Estimated Construction Cost Per Drawing

Limits of Confidence Intervals ($000)

Category Code Est. Construction Cost Work Code
Codes Lower Upper Lower Upper Lower Upper

0 22.7 44.1 - - - -

1 24.4 37.2 8.6 11.5 26.9 38.1
2 17.7 28.9 13.1 18.1 24.2 33.8
3 - - 18.2 24.2 22.1 31.5
4 23.9 60.6 24.6 34.3 15.4 21.5
5 4.6 39.9 29.8 39.7 9.7 17.4
6 27.6 59.0 27.5 60.7 - -
7 17.8 30.1 36.3 62.0 - -
8 19.3 29.3 40.9 78.1 - -
9 19.9 40.8 54.4 89.6 - -

Category Codes: 1--Ops & Trg, 2--Maint & Prod, 4--Supply,
5=-=-Medical, 6--Admin, 7--Community, 8--Utilities, 9=--Ground
Structures, 0--Family Housing

Estimated Construction Cost: 1--$0 to $50,000, 2--$50,001 to
$100.000, 3--$100,001 to $250,000, 4--5250,001 to $50Q0,000,
5--$500,001 to $750,000, 6--$750,001 to $1,000,000, 7--
$1,000,001 to $2,500,000, 8-~-~$2,500,001 to $5,000,000, 9--
$5,000,001 and up

Work Codes: 1--New Const., 2--Repair, 3--Alteration, 4--
Equip. Install., 5--Retrofit




Cost Per Drawing

Limits of Confidence Intervals ($00)

Category Code Est. Construction Cost Work Code
Codes Lower Upper Lower Upper Lower Upper

0 10.7 17.7 - - - -

1 13.5 18.3 5.0 6.6 13.8 18.3
2 9.6 15.5 7.7 10.7 11.9 15.6
3 - - 9.6 12.4 11.7 15.8
4 11.7 27.5 13.1 16.4 8.8 12.1
5 3.4 21.6 15.5 19.8 5.4 9.7
6 16.0 28.9 14.9 26.4 - -
7 9.9 14.3 17.6 29.9 - -
8 9.7 13.6 15.1 27.9 - -
9 9.9 19.2 22.8 41.1 - -

Category Codes: 1--Ops & Trg, 2--Maint & Prod, 4--Supply,
5-~Medical, 6--Admin, 7--Community, 8--Utilities, 9--Ground
Structures, 0--Family Housing

Estimated Construction Cost: 1--$0 to $50,000, 2--$50,001 to
$100,000, 3--$100,001 to $250,000, 4--$250,001 to $500,000,
5--$500,001 to $750,000, 6--$750,001 to $1,000,000,
7--$1,000,001 to $2,500,000, 8--$2,500,001 to $5,000,000,
9--$5,000,001 and up

Work Codes: 1l1--New Const., 2-~Repair, 3--Alteration,
4--Equip. Install., 5--Retrofit
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Average Hours Per Drawing by Category Codes

P All Category Codes**

! Contracts* 0 1 2 4 5 6 7 8 9
PROJECT

. ENGINEER 3-5 4 4 4 9 2 4 3 3 5 i

E ARCHITECT 13-17 17 18 15 20 10 26 12 10
SUB-ARCH 24-30 30 31 26 32 21 39 27 16 30

. STRUCTURAL 18-24 14 22 24 20 22 34 18 21 12
SUB-STRUCT 26-32 23 27 29 32 28 34 27 30 28
MECHANICAL 13-17 18 17 15 16 13 26 13 13 ~-
SUB-MECH 21-25 22 26 20 30 25 29 25 20 --
ELECTRICAL 13-17 22 17 16 19 8 24 12 13 12

: SUB-ELEC 21-25 21 27 23 28 17 32 22 21 28

- CIVIL 14-18 15 17 19 22 -- 23 15 15 15

: SUB-CIVIL 23-29 28 27 29 37 -- 35 26 19 20

¥ LANDSCAPE 15-23 19 21 14 27 -- 23 20 7 ~--

o SUB-LAND 23-33 24 34 23 24 -- 29 28 20 --
TOTAL DESIGN 38-44 43 46 38 52 33 68 38 36 40

g SPEC WRITER 4-6 5 6 4 10 5 8 5

X

X COST ESTIMATOR  3-5 4 4 3 5 3 6 3 3 4

! TYPIST 3-5 4 5 4 7 5 5 5

{ TOTAL DESIGN

| SUPPORT 10-13 13 14 11 22 11 19 12 9 14

1 TOTAL
PROFESSIONAL 23-29 29 30 25 39 20 46 22 22 29
TOTAL ‘
SUB-PROF 25-29 27 30 24 34 24 41 28 23 25
TOTAL 50-57 56 60 49 74 44 87 30 46 54

*A 95% Confidence Interval

**]--Operational & Training, 2--Maintenance & Production,
4--Supply, S5--Medical, 6--Administrative, 7--Community,
8--Utilities, 9--Ground Structures, 0--Family Housing

--Data not available
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Average Hours Per Drawing
by Estimated Construction Cost

All Estimated Construction Cost**
Contracts* 1 2 3 4 5 6 7 8 9

PROJECT
ENTINEER 3-5 2 2 3 5 6 6 71 4 5
ARCHITECT 13-17 6 8 9 12 21 21 24 23 42
SUB-ARCH 24-30 9 17 21 26 31 38 40 41 59
STRUCTURAL 18-24 9 12 14 18 22 24 31 29 46
SUB-STRUCT 26-32 14 16 21 28 30 32 38 32 45
MECHANICAL 13-17 5 10 9 16 17 25 25 20 34
SUB-MECH 21-25 13 17 17 25 27 28 31 34 43
ELECTRICAL 13-17 7 7 12 15 17 22 25 23 33
SUB-ELEC 21-25 13 14 21 24 25 27 30 38 42
CIVIL 14-18 7 12 14 14 16 19 22 24 33
SUB-CIVIL 23-29 11 11 21 26 29 24 35 35 47
LANDSCAPE 15-23 ~- -- 15 16 15 14 20 29 29
SUB-LAND 23-33 —- --= 25 21 26 29 28 27 37
TOTAL DESIGN  38-44 18 27 33 44 51 60 71 64 96
SPEC WRITER 4-6 3 4 5 6 6 71 71 6
COST ESTIMATOR  3-5 2 3 4 4

TYPIST 3-5 4 4 4 3 3
TOTAL DESIGN

SUPPORT 10-13 8 10 12 14 15 15 15 13 14
TOTAL

PROFESSIONAL  23-29 12 18 21 28 35 40 45 36 56
TOTAL

SUB-DPROF 25-29 14 19 24 30 31 35 41 41 54
TOTAL 50-57 26 37 45 58 66 75 86 77 110

*A 95% Confidence Interval

**]--Up to $50,000, 2--$50,001 to $100,000, 3--$100,001 to
$250,000, 4--3$250,001 to $500,000, 5--$500,001 to $750,000,
6--$750,001 to $1,000,000, 7--$1,000,001 to $2,500,000,
8--$2,500,001 to $5,000,000, 9--$5,000,001 and up

-~-Data not available
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!
Average Hours Per Drawing
r by Lead Discipline Code
All Lead Codes**
i Contracts* 1 2 ! 4 5 6 7
E PROJECT ENGINEER 3-5 11 3 7 4 3 4
| ARCHITECT 13-17 18 15 10 13 15 23 19
. SUB-ARCH 24-30 33 29 25 20 20 40 20
; STRUCTURAL 18-24 10 20 26 26 19 15 22
SUB-STRUCT 26-32 35 28 29 34 26 26 ~--
MECHANICAL 13-17 15 14 22 14 22 15 21
SUB-MECH 21-25 30 24 29 21 27 24 --
ELECTRICAL 13-17 13 15 21 15 15 14 15
SUB-ELEC 21-25 30 23 27 22 23 21 --
f CIVIL 14-18 18 17 13 22 21 13 30
! SUB-CIVIL 23-29 28 30 22 27 25 21 12
, LANDSCAPE 15-23 5 21 20 26 -- 17 9
i SUB-LAND 23-33 10 29 28 26 -- 23 28
TOTAL DESIGN 38-44 31 43 54 36 41 38 38
5 SPEC WRITER 4-6 8 5 8 5
| COST ESTIMATOR 3-5 3
* TYPIST 3-5 6 ‘
TOTAL DESIGN
SUPPORT 10-13 17 13 18 10 12 13 10
TOTAL PROFESSIONAL  23-29 32 26 41 23 27 26 24
TOTAL SUB-PROF 25-29 16 30 31 23 27 25 24
TOTAL 50-57 48 55 72 46 54 51 48

T AN

*A 95% Confidence Interval

**]--Project Engineer, 2--Architect, 3--Structural,
4--Mechanical, 5--Electrical, 6--Civil, 7--Landscape

-=-Data not available
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Average Hours Per Drawing by Work Codes

All
Contracts*

PROJECT ENGINEER 3-5
ARCHITECT 13-17
SUB-ARCH 24-30
STRUCTURAL 18-24
SUB-STRUCT 26-32
MECHANICAL 13-17
SUB-MECH 21-25
ELECTRICAL 13-17
SUB-ELEC 21-25
CIVIL 14-18
SUB-CIVIL 23-29
LANDSCAPE 15-23
SUB~LAND 23-33
TOTAL DESIGN 38-44
SPEC WRITER 4-6
COST ESTIMATOR 3-5
TYPIST 3-5
TOTAL DESIGN
SUPPORT 10-13
TOTAL PROFESSIONAL 23-29
TOTAL SUB-PROF 25-29
TOTAL 50-57

*A 95% Confidence Interval

**]-.-New Construction,

2--Repair,

Installation, 5--Retrofit

--Data not available

L

4
19
33
25
32
17
26
17
27
18
29
21
30
49

13
31
32
62

3--Alteration,

Work Codes**

2

4
13
23
15
23
15
21
14
19
14
22
17
24
39

5

13
26
26
52

2

4
13
26
20
28
17
26
15
24
16
27
13
19
42

5

4

4

13
27
28
55

4

2
13
27
23
11
12
17
12
15
17
11
35
30
30

10
19
20
40

4--Equipment

14
16
30




Average Hours Per Drawing

by Number of Design Desciplines

| All Number of Design Disciplines
i Contracts* 1 2 3 4 5 6 7.
| PROJECT ENGINEER 3-5 -- 4 5 4 3 5 3
u ARCHITECT 13-17 -- 10 8 9 15 19 19
. SUB-ARCH 24-30 -- 21 17 19 27 34 34 I
STRUCTURAL 18-24 15 21 19 24 18 25 21
SUB-STRUCT 26-32 20 21 34 35 23 31 30
MECHANICAL 13-17 4 13 11 16 14 19 17
SUB-MECH 21-25 8 17 16 26 20 29 29
ELECTRICAL 13-17 10 11 11 14 16 20 17
SUB-ELEC 21-25 24 18 20 22 21 27 29
: CIVIL 14-18 12 12 16 15 14 19 18
: SUB-CIVIL 23-29 24 18 22 23 24 27 31
! LANDSCAPE 15-23 -—— 7 24 14 19 24 19
‘ SUB-LAND 23-33 -- 20 32 18 43 31 27
TOTAL DESIGN 38-44 25 35 36 40 41 53 52
SPEC WRITER 4-6 2 5 5 4 5 7
COST ESTIMATOR 3-5 2 4 3 3 4 4
{ TYPIST 3-5 4 5 4 4 4 4
‘ TOTAL DESIGN
l SUPPORT 10-13 8 13 11 11 12 15 14
TOTAL
PROFESSIONAL 23-29 12 24 24 24 26 35 31 ;
TOTAL SUB-PROF 25-29 20 24 23 26 27 33 35 ‘
TOTAL 50-57 32 48 47 50 53 68 66
*A 95% Confidence Interval
Y -~-Data not available
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Estimated Construction Cost Per Total Labor Hour

Limits of Confidence Intervals ($)

Category Code Est. Construction Cost Work Code

Codes Lower Upper Lower Upper Lower Upper
3 0 410 796 - - - - ;
$
1 437 511 357 396 455 526 i
;.
2 435 494 402 444 472 563
3 - - 434 493 435 499
4 446 623 453 534 380 509
5 322 541 485 538 399 472
6 392 577 462 631 - -
; 7 403 482 506 609 - -
: 8 453 536 519 1162 - -
. 9 456 609 481 860 - -
%
=
Category Codes: 1~-Ops & Trg, 2--Maint & Prod, 4--Supply,
g 5--Medical, 6-~-Admin, 7--Community, 8--Utilities,
9--Ground Structures, 0--Family Housing
Estimated Construction Cost: 1--$0 to $50,000, 2--$50,001
to $100,000, 3--$100,001 to $250,000, 4--$250,001 to

$500,000, 5--$500,000 to $750,000, 6--3750,001 to
$1,000,000, 7--$1,000,001 to $2,500,000, 8--52,500,001 to
$5,000,000, 9--$5,000,001 and up

Work Codes: l--New Const., 2--Repair, 3--Alteration,
4--Equip. Install., 5--Retrofit

o
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Estimated Construction Cost Per Design Hour

Limits of Confidence Intervals ($)

Category Code Est. Construction Cost Work Code
Codes Lower Upper Lower Upper Lower Upper
0 546 985 - - - -
1 585 694 500 613 590 673
2 579 692 547 651 642 767
3 - - 593 700 587 680
4 628 914 597 720 476 732
5 440 725 627 697 533 668
6 532 733 583 810 - -
7 548 656 603 746 - -
8 583 688 639 1346 - -
9 621 920 555 988 - -

Category Codes: 1--Ops & Trg, 2--Main & Prod, 4--Supply,
5--Medical, 6--Admin, 7--Community, 8--Utilities, 9--Ground

Structures, O-~Family Housing

Estimated Construction Cost: 1--$0 to $50,000, 2--850,

to $100,000, 3--$100,001 to $250,000, 4--$250,001 to
$500,000, 5--$500,001 to $730,000, 6--$750,001 to
$1,000,000, 7--$1,000,001 to $2,500,000, 8--$2,500,001
to $5,000,000, 5--$5,000,001 and up

Work Codes: 1--New Const., 2--Repair, 3--Alteration,
4--Egquip. Install., 5--Retrofit
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SECTION A % of Estimated Construction Cost

Limits of Confidence Intervals (%)

Category Code Est. Construction Cost Work Code

Codes Lower Upper Lower Upper Lower Upper

0 4.15 5.60 - - - -

1 5.36 5.75 5.88 5.95 5.2 5.6
2 5.38 5.72 5.83 5.93 5.08 5.6
3 - - 5.19 5.64 5.22 5.58
4 4.54 5.62 5.11 5.53 5.47 6.00
5 5.66 6.00 4.99 5.36 5.46 5.86
6 4.83 5.93 4.7 5.64 - -
7 5.24 5.70 4.61 5.12 - -
8 5.11 5.52 2.95 4.90 - -
9 4.94 5.2¢ 3.82 5.01 - -

Category Codes: 1--Ops & Trg, 2--Maint & Prod, 4--Supply,
S--Medical, 6--Admin, 7--Community, 8--Utilities,
9--Ground Structures, 0--Family Housing

Estimated Construction Cost: 1--30 to $50,000, 2--550,001
to $100,000, 3--$100,001 to $250,000, 4--5250,001 to
$500,000, 5--$500,001 to $750,000, 6--$750,001 to
$1,000,000, 7--$1,000,001 to $2,500,000, 8--$2,500,001 to
$5,000,000, 9--55,000,001 and up

Work Codes: 1--New Const., 2=--Repair, 3--Alteration,
4--Equip. Install., 5--Retrofit
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APPENDIX H

SECTION ~B-~ FINDINGS

Sub-Surface Investigation

Estimated Construction Cost Wosk Code
Codes Lower Upper % of ECC Lower Upver % of ECC
1 * * 2.8 3250 4071 0.6
2 1334 2345 2.0 1119 4546 1.2
3 999 3431 1,1 1956 6117 1.0
4 2319 4297 0.9 * * 0.2
5 850 3693 0.3 * * 0.5
6 2543 6803 0.5 - - -
7 2351 8407 0.4 - - -
8 2019 8265 0.2 - - -
9 4071 10486 Q.1 - - -

Estimated Construction Cost: 1--$0 to $50,000, 2--3550,001
to $100,000, 3--$100,001 to $250,000, 4--$250,001 to
$500,000, 5~-$500,001 to $750,000, 6~-$750,001 to
$1,000,000, 7--$1,000,001 to $2,500,000, 8--$2,500,001 to
$5,000,000, 9--$5,000,001 and up

Work Codes: 1--New Const., 2--Repair, 3--Alteration,
4--Equip. Install., 5--Retrofit

*Insufficient data to construct confidence interval
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Topographic Survey

Limits of Confidence Intervals ($)

Estimated Construction Cost Work Code
Codes Lower Upper $ of ECC Lower Upper % of ECC

TR S S T e o e LY <,
PO, . 1cir ey

1 762 2806 7.9 2533 3715 0.9
2 1158 4212 3.4 3432 3444 2.3
3 563 6272 2.0 2530 5139 1.6
4 2405 3817 0.9 * * 6.9
5 323 12486 1.0 * * 0.4
6 2506 5996 0.5 - - -
7 2348 8460 0.4 - - -
8 3296 8588 0.2 - - -
9 1183 9570 0.1 - - -

Estimated Construction Cost: 1--$0 to $50,000, 2--5$50,001
to $100,000, 3--3100,001 to $250,000, 4--5250,001 to
$500,000, 5--3$500,001 to $750,000, 6--5750,001 to
$1,000,000, 7--$1,000,001 to $2,500,000, 8~-$2,500,001

to $5,000,000, 9--55,000,001 and up

Work Codes: 1l--New Const., 2--Repair, 3--Alteration,
4--Equip. Install., 5--Retrofit

*Insufficient data to construct confidence interval
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Estimated Construction Cost Per

Man-Day of Field Investigation

Limits of Confidence Intervals ($000)

Category Code Est. Construction Cost Work Code
Codes Lower Upper Lower Upper Lower Upper
0 9.0 41.9 - - - -
1 37.2 73.0 6.7 13.2 70.1 116.6
2 0.0 203.7 10.8 18.8 22.6 34.5
3 - - 19.7 28.4 15.9 146.3
4 32.3 133.4 35.2 46.6 7.3 28.1
. 5 12.2 33.1 38.5 68.3 10.5 22.3
; f 6  63.9  405.5 60.4 96.8 - -
‘ 7 22.9 110.5 28.4 415.9 - -
8 20.3 36.5 68.4 426.7 - -
;f 9 32.5 63.9 155.4 485.9 - -
Category Codes: 1--Ops & Trg, 2--Maint & Prod, 4--Supply,
5--Medical, 6--Admin, 7--Community, 8--Utilities, 9--Ground
Structures, 0--Family Housing

Estimated Construction Cost: 1--$0 to $50,000, 2--$50,001
to $100,000, 3-~$100,001 to $250,000, 4--525u,001 to
$500,000, 5--$500,001 to $750,000, 6--$750,001 to
$1,000,000, 7--$1,000,001 to $2,500,000, 8--$2,500,001

to $500,000, 9-~$5,000,001 and up

2 Work Codes: l1--New Const., 2--Repair, 3--Alteration,
4--Equip. Install., 5--Retrofit
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SECTION B % of Estimated Construction Code

Limits of Confidenct Intervals

Category Code Est. Construction Cost Work Code
Codes Lower Upper Lower Upper Lower Upper
0 1.9 3.9 - - - -
1 3.1 4.6 5.4 8.7 2.7 4.0
2 2.6 4.4 4.0 5.6 3.4 5.6
3 - - 2.8 5.8 2.8 4.2
4 1.2 3.5 2.6 3.4 2.1 6.5
5 1.7 4.5 1.9 3.8 3.5 6.1
| 6 .9 2.9 1.8 3.8 - -
‘ 7 2.9 4.5 1.4 2.7 - -
i 8 3.2 5.7 1.0 1.7 - -
9 3.7 9.7 0.5 1.2 - -

Category Codes: 1--Ops & Trg, 2--Maint & Prod, 4--Supply,
5-~Medical, 6=--Admin, 7--Community, 8--Utilities, 9--Ground
structures, 0--Family Housing

Estimated Construction Cost: 1--30 to $50,000, 2--$50,001
to $100,000, 3--$100,001 to $250,000, 4--3250,001 to
$500,000, 5--$500,001 to $750,000, 6~-$750,001 to
$1,000,000, 7--$1,000,001 to $2,500,000, 8--52,500,001

to $500,000, 9--$5,000,001 and up

Work Codes: 1--New Const., 2~-Repair, 3--Alteration,
4--Equip Install., 5--Retrofit
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APPENDIX I

SECTION C FINDINGS

Section C & of Estimated Construction Cost

Limits of Confidence Intervals (%)

Category Codes Lead Code Work Code Average %
Codes Lower Upper Lower Upper Lower Upper of ECC
0 .4 1.0 - - - - -
1 .8 1.1 - - .7 1.1 1.6
2 .8 1.2 .9 1.1 .8 1.0 1.1
3 - - .7 1.3 9 1.1 0
4 5 1.1 9 1.1 .5 1.1 .7
5 5 1.9 .6 8 9 1.4 6
6 6 1.0 .7 1.2 - - 8
7 6 1.6 - - - - 5
8 7 1.1 - - - - 4
9 .4 1.2 - - - - 5

Lead Code: 2=--Architect, 3--Structural, 4--Mechanical,
5--Electrical, 6--Civil

Category Codes: 1--Ops & Trg, 2--Maint & Prod, 4--Supply,
5--Medical, 6--Admin, 7--Community, 8--Utilities, 9--Ground
Structures, 0--Family Housing

Estimated Construction Cost: 1--$0 to $50,000, 2--$50,001
to $100,000, 3--$100,001 to $250,000, 4--$250,001 to
$500,000, 5--$500,001 to $750,000, 6--$750,001 to
$1,000,000, 7--$1,000,001 to $2,500,000, 8--%$2,500,001 to
$5,000,000, 9--$5,000,001 and up

Work Codes: 11--New Const., 2--Repair, 3--Alteration,
4--Equip. Install., 5--Retrofit

141




APPENDIX J

LABOR RATES

Average Labor Rates ($)

: Calendar Year Percentage Increase
; 1979 1980 1981  1979-1980 1980-1981* t
Professional
Project Engineer 16.39 17.79 18.54 8.5 4.2
Architect 13.53 14.49 14.78 7.1 2.1
Structural 13.86 14.83 15.72 6.9 6.0
Mechanical 13.74 14.57 15.36 6.0 5.4
: Electrical 13.48 14.63 15.64 8.5 6.9
! civil 13.21 14.37 14.87 8.2 3.5
| Landscape 12.45 14.89 14.96  19.6 .5
5 Spec. Writer 13.02 14.12 15.26 8.4 8.1
Cost Estimator 12.97 14.17 15.20 9.3 7.3
~f CCSS Rate 14.02 14.82 16.05 5.7 8.3
% Sub-Professional
Architect 8.61 8.91 9.28 3.5 4.2
Structural 8.87 9.07 10.28 2.3 13.3
Mechanical 8.91 8.97 9.38 7 4.6
Electrical 8.69 8.88 9.55 2.2 7.5 ’
Civil 8.57 9.47 9.39 10.5 - .2
4 Landscape 7.81 8.75 8.89 12.0 1.6
j Spec. Writer 8.20 8.09 8.21 - 1.3 1.5
i Typist 5.94 6.62 6.84 11.4 3.3
3 Cost Estimator 8.77 8.24 9.18 - 6.0 11.4
; CCSS Rate 9.00 9.13 9.98 1.4 9.3

S g

*Through the first six months of 1981
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APPENDIX K

COST ESTIMATION WORKSHEET

PROJECT TITLE:

b ESTIMATED CONSTRUCTION COST: §

i LOCATION :

DATE:

ENR BCI:

CATEGORY CODE:

o WORK CODE:

f LEAD DISCIPLINE CODE:

C NUMBER OF DISCIPLINES:

I. GRAND TOTAL FEE (GTF)

Estimated Construction Cost (ECC): §

5 Number of Design Disciplines (NDD):

$ = -3965.6 + .0532($ ) + 3985.3( )
GTF ECC NDD




II.

- v

III.

COSsT

ca

ADJUSTMENT (CA)

Current ENR BCI =+ Database ENR BCI

s 303 =

———————————

SECTION A (SEC A)

A.

NMumber of Drawings (ND)

1. Regression Model
= 1.14 + .000014(¢ ) + 2.13¢ )
ND ECC NDD
2. Estimated Construction Cost per Drawing
(APPENDIX G)
Confidence Intervals ($) |
Lower Upper
Category Code $ $
ECC Code $ $
Work Code $ $
Database $24,246 $30,135

ECC/Drawing = $§

= ) = |« X )
Project ECC

ND ECC/Drawing CA




T ——

B. Scoping Estimates

1. Regression Model

$ = -3804 + .0421($ ) + 1788.4( )
SEC A ECC NDD

2. Cost per Drawing (APPENDIX G)

confidence Intervals (s)

Lower Upper
Category Code $ $
ECC Code S S
f Work Code $ $
i
Database $1,263 $1,476

i
Cost/Drawing = $

g = ) x ( X )
SEC A ND Cost/Drawing Ca

S T TR .
W AR T
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C. Detailed Analysis

1.

Percentage of Estimated Construction Cost

(APPENDIX G)
Confidence Interval (%)
Lower Upper
Category Code % 3
ECC Code % 3
Work Code 3 %
Database 5.29% 5.48%
ECC & =
$ = (S ) x | $ 100)
SEC A ECC ECC %

Distribution of Drawings (APPENDIX G)

Type of Lead Code Total Number
Drawing % of Total of Drawings
Architectural = ( ) x| ) =
i
Structural = ( Y x ( ) =
Mechanical = ) x ) =

Electrical = y x| )
Civil = ( ) x )
Landscape = ) x )
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2. Hours per Drawing (APPENDIX G)

Complete Computed
Database CAT ECC LEAD WORK DIS Average
Project Engineer 3-5
1 Architect 13-17
é. Sub-Arch 24-30
Structural 18-24
Sub-Struct 26-32
; Mechanical 13-17
Sub-Mech 21-25
» Electrical 13-17
; Sub-Elect 21-25
f Civil 14-18
Sub-Civil 23-29
E Landscape 15-23
f Sub-Land 23-37
) Total Design 38-44
Spec Writer 4-6
f Cost Estimator 3-3
Typist 3-5
) Total Design Support i0-13
5 Total Professional 23-29
3 Total Sub-Prof 25-29
Total 50-57
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Total Labor Hours (TLH)

Estimated Construction Cost per Total Labor Hour
(APPENDIX G)

Confidence Interval (3)

Lower Upper
Category Code $ $
ECC Code $ $
Work Code $ $
Database S 466 $ 505

ECC/Total Labor Hour =

= (S )+ X )
TLH ECC ECC/Total CA
Labor Hours

Total Design Hours (Professional &
Subprofessional (TDH)

Estimated Construction Cost per Total Design Hour
{APPENDIX G)

Confidence Interval ($)

Lower Upper
Category Code $ $
ECC Code $ $
Work Code $ o $
Database $ 625 $ 680

ECC/Total Design Hour =

= (S ) o+ X )
ECC ECC/Total Design Hours CA
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Professional Design Hours (PDH)

* Regression Model

= =17.7 + .0006(S ) + 10.7( )

PDH ECC NDD

Labor Ratios

a. Design Hours--Professional & Subprofessional

Professional Design Hours (PDH)

= _ o x (___ % 3100)
PDH Total Design Hours (TDH)
Database: 42% to 4€%
Lead Code 3 (STRUCT): 46% to 59%
Subprofessional Design Hours (SDH)
= x | $ =+ 100)

SDH Total Design Hours (TDH)
Database: 54% to 58%

Lead Code 3 (STRUCT): 41% to 54%
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Total Hours--Professional & Subprofessional

Total Professional Hours (TPH)

= X ( % + 100)
TPH Total Labor Hours (TLH)

Database: 48% to 50%

Lead Code 3 (STRUCT): 52% to 62%

Total Subprofessional Hours (TSH)

= x 3 + 100)

TSH Total Labor Hours (TLH)
Database: 50% to 52%

Lead Code 3 (STRUCT): 38% to 48%

Total Hours--Design & Design Support

Total Design Hours (TDH)

= x ( 3 ¢ 100)
TDH Total Labor Hours (TLH)
Database: 80% to 82%
ECC under $50,000: 67% to 76%

ECC over $5,000,000: 82% to 92%

Total Design Support Hours (TDSH)

TDSH Total Labor Hours (TLH)
Database: 13% to 20%
ECC under $50,000: 24% to 33%

ECC over $5,000,000: 2% to 18%
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3 7. Design Support Hours

E a. Specifications Writer Hours

]

1 = :
i SWH Professional Design Hours (PDH)

3

Database: 4 to 6

ECC over $1,000,000: 6 to 10

b. Cost Estimator Hours (CEH)

CEH Professional Design Hours (PDH)

Database: 5 to 7
ECC under $50,000: 3 to 5

ECC over $1,000,000: 8 to 12

—ye

c. Typist Hours (TH)

TH Professional Design Hours (PDH)

Database: 5 to 7

ECC under $250,000: 3 to 5

ECC over $5,000,000: 7 to 30

For ECC under $750,000:

it

TH Specification Writer Hours

For ECC over $750,000:

TH Specification Writer Hours

5
- - N ————— e
y DY .
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8. Overhead

Database: 102% to 106%
No. of Disciplines-~-1: 90% to 100%
Location--Adak: 105% to 130%
Lead--Structural: 105% to 126%

-=Civil: 110% to 124%

9. Profit
Database: 10%
Lead-~Project Engineer: 11%

--Structural: 11%

IV. SECTION B (SEC B)

A,

Scoping Estimates

1. Regression Model

S = -60.7 + .0092¢(s ) + 1842.3( )
SEC B3 ECC NDD

2. Percentage of Estimated Construction Cost

(APPENDIX H)
Confidence Interval (%)
Lower Upper
Category Code __ I, 3
ECC Code - 3 3
Work Code - 3 %
Database 3.46% 4.37%

ECC & =
$ = (8 ) x | <+ 100)
SEC B ECC ECC 3%
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B.

Detailed Analysis

1.

Subsurface Investigation (SI) (APPENDIX H)

Confidence Interval ($)

Lower Upper
ECC Code $ $
Work Code $ $
Database $3,195 $4,528

Computed Average = $

$ = X

sI Computed Average CA

Topographic Survey (TS) (APPENDIX H)

Confidence Interval ($)

Lower ~  Upper
ECC Code $ $
Work Code $ $
Database $3,252 $4,735

Computed Average = $

S = X

TS Computed Average CA

’ 1
!




i el 4

ERST

3. Field Investigation (FI

a. Number of Man-Days

)

(NM)

Estimated Construction Cost per Man-Day

(APPENDIX H)

Confidence Interval ($)

T o YR, ST T P oy ., .

Lower Upper
Category Code $ $
ECC Code $ $
Work Code $ S
Database $41,766 $77,047
ECC/Man-Day = §$
= ($ ) = ($ X )
NM ECC ECC/Man-Day CA

b. Cost per Man-Day

Database: $258 to $283
Location—--Adak: $222 to $718
-=-Yuma: $202 to $258

Lead--Project Engineer: $280 to $434

Computed Average = $

= ($ ) x )
cM Computed Average ca

c. Total for Field Investigation

FI NM CM
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4. Reproduction (RP)

a. Cost per Drawing (CPD)
Database: $63 to $74
Location--Adak: $61 to S$115

--Wash/Oregon: $60 to $67

Computed Average = §$

= X
CPD Computed Average CA
b. Total for Reproduction
$ = $ x
RP CPD Number of Drawings (ND)

5. Other Special Cost

a. Project Engineering Documentation (PED)
(1) Total amount
Database Confidence Interval

$2,688 to $3,735

Selected Total: S

$ = § X

PED Selected Total ca

(2) Percentage of ECC
Database Confidence Interval

0.42% to 0.77%

Selected % =

$ = ($ ) x| + 100)
PED ECC Selected 3%




|
L |

T

b. Conceptual Studies (CS)
(1) Total Amount

Database Confidence Interval

$5,851 to $13,476

Selected Total = §$

$ = $ X
Cs Selected Total ca

(2) Percentage of ECC
Database Confidence Interval
0.55% to 1.04%

Selected % =

$ = ($ ) x | + 100)
Cs ECC Selected %
c. Energy Conservation Studies (ECS)
(1) Total Amount
Database Confidence Interval
$2,892 to $5,005

Selected Total = $

$ =S X
ECS Selected Total CA

(2) Percentage of ECC
Database Confidence Interval
0.2% to 0.4%

Selected 3% =

$ = (S ) x| + 100)
ECS ECC Selected %
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d. Solar Energy Studies (SES)

(1) Total Amount

Database Confidence Intervals

$1,675 to $3,253

Selected Total = §

$ = § X
SES Selected Total CA

(2) Percentage of ECC

Database Confidence Intervals

0.1% to 0.3%

j Selected % =
|
f
$ = (3 ) x | + 100)

SES ECC Selected %
f
f 6. Travel (TR)

s = (3 ) x (% % 100)
ECC
Database: .31% to .48%

Location--Adak: .5% to 1.5%

v. SECTION C (SEC C)

TR T T T

A. Scoping Estimates

1. Regression Model

$ = -719.0 + .0043(S ) + 428.8( )
“SEC C ECC

NDD




-

T

B.

2. Percentage of Estimated Construction Cost

(APPENDIX I)
Confidence Interval (%)

Lower Upper
Category Code : % %
Lead Code : 5 3
Work Code : % %
Database: 0.3% 1.0%

ECC 3 =
$ = (8 ) x| <+ 100)
SEC ECC ECC %

Detailed Analysis

1. Shop Drawing--Professional Hours (SDPH)

Hours per Drawing

Database: 2.4 to 2.9

Work Code--Retrofit: 1.0 to 2.0

Computed Average =

= X
SDPH Computed Average Number of Drawings

2. sShop Drawing--Subprofessional Hours (SDSH)

Hours per Drawing

Database: 1.4 to 1.8
Lead Code--Electrical: .97 to 1.4
-=Civil: .8 to 1.6

Computed Average =

= X
SDSH Computed Average Number of Drawings
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3. As—Builts-—Professional Hours {(ABRH)

Hours per Drawing

Database: 0.9 to 1.1
‘ Lead code--Structural: 0.9 to 2.6

b
. --Electrical: 0.6 to 0.9

Computed Average =

= X

ABPH Computed Average Number of Drawings

4, As-Builts--Subprofessional Hours (ABSH)

Hours per Drawing

k L]
‘ Database: 1.7 to 2.1

! Lead Code--Structural: 1.8 to 4.0

Computed Average =

= X

ABSH Computed Average Yumber of Drawings




APPENDIX L

TEST CASE RESULTS

Test Cacse No. 1

Project Tigle: Rehab Consolidated Open Mess
Estimated Construction Cost: $200,000
Location: Adak, Code--1

Date: June 1981

ENR BCI: 327

Category Code: Community Facilities, Code-=7

Work Code: Alterations, Modifications, Rehab, Code--3
Lead Discipline Code: Architectural, Code--1

Number of Disciplines: 4

Government Decision Process/ Negotiated

Estimate Decision Support Price
Scoping Estimates
Grand Total Fee $21,578 $22,615 $25,760
Section A 9,812 $11,803
Regression Model $11,770
Cartooning Method 13,716
% of ECC 10,890
Section B $10,191 $12,382
Regression Model $ 9,148
% of ECC 8,600
Section C $ 1,575 $ 1,375
Regression Model $ 1,856
% of ECC 2,200
Number cf Drawing 10 10
Regression Model 12
ECC/Drawing 8
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. Government Decision Process/ Negotiated
3 Estimate Decision Support Price
Professional Design
Hours 72 52
Regression Model 145
ECC/Hour 132
Detailed Analysis
{ Method
¥ Section A
Total Labor Hours 275 410 215
Professional Hours 116 200 96
Sub-Professional
Hours 159 210 119
Design Hours 192 301 132
, Design Support
i Hours 83 78 83
Professional
' Design Hours 72 132 52
- Sub-Professional
& Design Hours 120 169 80
i Section A Total $9,812 $12,000~* $11,803
Section B
Field Investigatica
Days 10 8 12
Cost/Day $352 $508 $440
Total $3,520 $5,064 $5,280
Reproduction $1,601 $950 $820
Travel $2,570 $2,000 $2,800

*Actual total was $13,783 but the 6% limitation capped the
Section A total at $12,000.
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Government Decision Process/ Negotiated

Estimate Decision Support Price
Section B Total $10,191* $10,514~* $12,382%*
i
Section C ;
Shop Drawing i
Pro Hours 20 26 20 :
As-Builts %
Pro Hours 6 10 6 !
Sub-Hours 14 19 14
Section C Total $1,575 $1,453 $1,575
Grand Total Fee $21,578 $23,967 $25,760

f *Total includes some items of "other special cost" not i
separately shown.
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Test Case No. 2

Project Title: Repairs to Roads

Estimated Construction Cost: $637,000
Location: San Diego, Code-~=5

Date: July 1981

ENR BCI: 327

Category Code: Ground Structures, Code--9
Work Code: Repair, Code--2

Lead Discipline Code: Civil, Code~-6
Number of Disciplines: 2

Government Decision Process/
Estimate Decision Support

Negotiated
Total

Scoping Estimates

Grand Total Fee $45,264 $37,893
Section A $23,628
Regression Model $26,590
Cartooning Method 27,265
% of ECC 33,251
Section B $20,095
Regression Model $ 9,484
% of ECC 28,665
Section C $1,540
Regression Model $2,878
% of ECC 5,096
Number of Drawings 13
Regression Model 14
ECC/Drawing 19
Professional
Design Hours 320
Regression Model 386
ECC/Hour 374

$52,582

$30,991

$20,008

$1,583

18
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Government Decision Process/ Negotiated

Estimate Decision Support Price
Detailed Analysis
Method
Section A
Total Labor Hours 990 901 1,066
Professional Hours 440 459 446
Sub-Professional
Hours 550 442 620
Design Hours 840 662 866
Design Support
Hours 150 238 200
Professional
Design Hours 320 306 326
; Sub-Professional
! Design Hours 520 357 540
Section A Total $23,628 $26,245 $30,991
Section B
Sub~Surface Inv. $ 3,263 $3,060 $ 3,285
Topographic
Survey 13,875 8,500 $12,720
Field Investigation
Days 6 11 9
: Cost/Day $246 $292 $299
, Total $1,476 $3,212 $2,691
; Reproduction $1,042 $1,258 $1,072 |
14
é Travel $240 $2,516 $240
? Section B Total $20,096* $18,546 $20,008

*Total includes some items of "other special cost" not
separately shown.
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) Government Decision Process/ Negotiated

gstimate Decision Support Price
}
Section C
Shop Drawing
3
Pro Hours 20 45 16
Sub Hours 10 20 8
> As-Builts
- Pro Hours 10 17 8
Sub Hours 25 32 16
Section C Total 31,540 $3,640 $1,583

Grand Total Fee $45,264 $48,431 $52,582
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Test Case No. 3

Projéct Title: Applied Instruction Building
Estimated Construction Code: $280,000
Location: San Diego, Code--5

Date: May 1981

ENR BCI: 326

Category Code: Operational & Training, Code--1
Work Code: New Construction, Code--1

Lead Discipline Code: Architect, Code--2

Number of Disciplines: 7

Government Decision Process/ Negotiated

Estimate Decision Support Total
Scoping Estimates
Grand Total Fee $31,676 $38,828 $26,143
Section A $16,799 $16,775
Regression Model $20,503
Cartooning Method 23,490
% of ECC 15,204
Section B $12,380 $7,168
Regression Model $15,411
% of ECC 10,080 i
Section C $2,497 $2,200
Regression Model $3,487
% of ECC $2,520
Number of Drawings 12 22
Regression Model 20
ECC/Drawing 9
Professional Design
Hours 216 175
Regression Model 225
ECC/Hour 174




Government Decision Process/ Negotiated

Estimate Decision Support Total
Detailed Analysis
Method
Section A
Total Design Hours 657 914 645
Professional Hours 296 476 249
Sub-Professional
Hours 361 438 396
Design Hours 540 704 551
Design Support
Hours 117 210 94
: Professional i
o Design Hours 216 326 175 i
i Sub-Professional
: Design Hours 324 378 376
Section A Total $16,799 $16,800%* $16,775
Section B
Not
Sub-Surface Inv. $3,360 $3,697 Included
Torographic Not
Survey $1,676 33,855 Included
Field Investigation
Days 5 5 9
Cost/Day $280 $292 $264
Total $1,400 $1,460 $2,376
Reproduction $944 $1,095 $1,292
Other Special Cost
PED $3,500 $2,568 $2,000
Solar 1,500 1,610 1,500

*Actual total was $25,091, but the 6% limitation capped
the Section A total at §$16,800.
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Government Decision Process/ Negotiated

Estimate Decision Supoort Total
Section B Total $12,380 $6,733* $7,168
Section C
Shop Drawings
Pro Hours 14 39 40
Sub Hours 68 24 10
As-Builts
Pro Hours 6 15 -
Sub Hours 18 29 30
Section C Total $2,497 $3,113 $2,200
Grand Total Fee $31,676 $26,646 $26,143

*gubsurface Investigation and Topographic Survey not
included in total.
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